WATER Risources pevelopment proicr ||

CHARLES RI ERA M|

CHARLES RIVER BASIN MASSACHUSETTS
*‘DES|GN MEMORANDUM NO 4

EMBANKMENTS AND FOUNDATIONS

Sl
Tithiffo ! S| mmesn B
Ml Ermmmm

AN
Fill p—

i
— Rt




WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER DAM
CHARLES RIVER BASIN
MASSACHUSETTS

Design Memoranda Index

and Facilities

8 Cofferdams

May 72

Anticipated Date
No. Title Submission Date Submitted
1 Hydrology and 21 May T1
Tidal Hydraulics
2 General Design, Site 1L Feb T2
Geology and
Relocations
3 Concrete Materials 19 Feb 71
L4 Embankments and
Foundations 22 Feb T2
5 Pumping Station Mar 72
6 Vehicular Viaduct Feb 72
7 Navigation Locks Mar 72

Date
Approved

2 Aug 7L

29 Mar 71



WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER DAM
CHARLES RIVER BASIN

MASSACHUSETTS

DESIGN MEMORANDUM NO. 4

EMBANKMENTS AND FOUNDATIONS

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM , MASSACHUSETTS

FEBRUARY 1972



wnanl

WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER DAM

CHARLES RIVER BASIN, MASSACHUSETTS

DESIGN MEMORANDUM NO. 4

EMBAN KMENTS AND FOUNDATIONS
CONTENTS

- PERTINENT DATA

PART A -- EMBANKMENTS

A. INTRODUCTION

. General

a.
b.

3.

4,
C. CHARACTERISTICS OF EMBANKMENT FOUNDATION SOILS

5

Description
Purpose

B. SUBSURFACE INVESTIGATIONS
Subsurface Explorations
Laboratory Tests

Presentation of Data

. General Profile

a.

b.

Boston Embankment
Charlestown Embankment

. Soil Properties

Q. 0 T Q

Existing Fill

Organic Silt

Silty Sand

Till -i-

w

D

(SN E, P N



7 . Bedrock Properties
D. DESIGN CRITERIA
8. Tidal and Flood Conditions
2. Stone Protection
E. DESCRIPTION OF EMBANKMENT
10. General

11. Embankment Sections

a. Compacted Gravel Fills
b. Dumped Gravel Fill
c. Embankments on Land

12, Slope Protection

F. CHARACTERISTICS OF EMBANKMENT MATERIALS

13. Materials
a. Gravel Fill
b. Protection Stone and Bedding Stone

G. CONSTRUCTION CONSIDERATIONS
14. Construction Procedure

General

Embankments Constructed in the Dry
Embankments Constructed in the Wet
Protection Stone

0 T Q

H. SEEPAGE CONSIDERATIONS

15. Seepage Control

6

~N

N o Ree)

10
10

10
10
13

12

12



a. Seepage through Embankment 13
b. Seepage through Foundation 13
c. Seepage through Existing Fills 13

|. STABILITY OF EMBANKMENT, EXCAVATION SLOPES AND EXISTING SLOPE

16. General 13
17. Slopes Analyzed 14
a. Temporary Excavation Slopes 14
b. Embankment 14

c. Existing Slope
18. Summary of Design Values 15
a. General 15
b. Unit Weights 15
c. Design Shear Strengths 15
19. Sections Analyzed 16
20. Results of Stability Analyses 17
J. EMBANKMENT SETTLEMENT 18
21, Settlement Estimates 18
a. General 18
b. Boston Embankment 18
c. Charlestown Embankment 19
K. INSTRUMENTATION 19

22. General 19



WATER RESOURCES DEVELOPMENT PRO JECT

CHARLES RIVER DAM

CHARLES RIVER BASIN, MASSACHUSETTS

DESIGN MEMORANDUM NO. 4

EMBANKMENTS AND FOUNDATIONS
CONTENTS

PART B - FOUNDATIONS FOR CONCRETE STRUCTURES

A. INTRODUCTION

. Bedrock Properties

. Generadl

a. Description

b. Purpose

B. SUBSURFACE INVESTIGATIONS
. Subsurface Explorations
. Laboratory Tests
C. CHARACTERISTICS OF FOUNDATION SOILS

. General Profiles

a. Profile Along the Baseline of Vehicular Viaduct

b. Profile Along the Centerline of Large Boat Lock
. Soil Properties

a. Organic Silt

b. Silty Sand

c. Till

-y ~

20

20
20

21

21

21



D. DESIGN CRITERIA

7. Tidal and Flood Conditions

8. Settlement

9. Sliding Stability

E. RIVER EARTHWORK

10. Demolition

a.
b.

Cc.

General
Warren Avenue Bridge and Piers
Seawalls

11. Excavation in River Area

® O 0 T Q

General

Excavation of Organic Silt
Excavation of Granul ar Materials
Earthwork within Cofferdammed Areas
Effects of Existing Structures

F. FOUNDATIONS FOR RIVER STRUCTURES

12. Bearing Capacity for Structures

13. Boston Marginal Conduit

G. CHARACTERISTICS OF STRUCTURAL FILLS

14, Gravel Fill and Backfill for Structures

General
Gradation
Design Values

22
22
22
23
23
23
23
23
23
24
24
24
24

25
25

25
26
26
26
26

26
26



H. CONSIDERATIONS OF RIVER CONSTRUCTION 27

15, General

1. Sequence of Construction

a. River Excavation
b. Stage |
c. Stage 11

17. Cofferdam Schemes

a. General
b. Schematic Preliminary Layout

I. SEEPAGE CONTROL
18. River Structure

J. RIVER BOTTOM PROTECTION

19. General
K. FOUNDATIONS FOR VEHICULAR VIADUCT

20. General

L. FOUNDATIONS FOR FENDER PIERS AND TRAINING
STRUCTURES

21. General

—-vim

27
27
27
27
27
28
28

28
28

28

28

28

28



WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER DAM
CHARLES RIVER BASIN, MASSACHUSETTS
DESIGN MEMORANDUM NO. 4
EMBANKMENTS AND FOUNDATIONS

LIST OF PLATES

PLATE TITLE

4-1 Site Plan

4-2 Plan of Foundation Explorations

4-3 Record of Subsurface Explorations No. 1

4-4 Record of Subsurface Explorations No. 2

4-5 Record of Subsurface Explorations No. 3

4-6 Record of Subsurface Explorations No. 4

4-7 Record of Subsurface Explorations No. 5

4-8 Record of Subsurface Explorations No. 6

4-9 Record of Subsurface Explorations No. 7

4-10 Record of Subsurface Explorations No. 8

4-11 Record of Subsurface Explorations No. 9

4-12 Record of Subsurface Explorations No. 10

4-13 Ceneralized Soil Profiles

4-14 Selected Test Data - Till

4-15 gzpicc)ul Embankment and Slope Plan and Sections (Boston
ore

4-16 Typical Excavation Slope - Charlestown Shore, Plan and Sections

vii



>

417

Summary of Stability Analyses

Summary of Stability Analyses

Typical Stability Analysis-Critical Circle Analysis
Typical Stability Analysis (Wedge Method) |
Typical Sections

Typical Sections

Stages of Construction

LIST OF APPENDICES

SUMMARY OF LABORATORY SOIL TESTS RESULTS
LABORATORY TESTS DATA FOR EXPLORATION FD-1A

CONSOLIDATION TEST DATA FOR EXPLORATION FD-1A

vili



WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER DAM

CHARLES RIVER BASIN, MASSACHUSETTS

PERTINENT DATA

Purposes

Location
State
County
City
River

Drainage Area
Total Watershed

Lower Charles River above
proposed dam

Surface Area
Datum Relationship

Proposed Basin

Tidal and Flood Conditions
Design High Water (Tidal)
Design Low Water (Tidal)
Normal Basin Level
Maximum Desired Basin

Level
Basin (Prelowering) Level
* For embankment consid

Flood Control, navigation, and highway
transportation.

Massachusetts

Suffolk

Boston

On the Charles River 2,250 feet downstream
of the present Charles River Dam.

307 square miles

58 square miles

M.D.C. Base is 105.65 feet below mean
sea level (MSL) U.S.C. & G.S. Datum
of 1929 [105.65 M.D.C. = 0.0 MSL
U.S.C. & G.S. (1929)]

705 acres

Elevation 113 M.D.C. Datum
Elevation 100* M.D.C. Datum
Elevation 108 M.D.C. Datum

Elevation 110 M.D.C. Datum
Elevation 106.5 M.D.C. Datum

erations only .



Embankment
Maximum Height above
River Bottom 35 feet
Total Length 630 feet

Bearing Capacity

Maximum Allowable
Bearing Pressure 4T.S.F.



PART A -=-- EMBANKMENTS

A. INTRODUCTION

1. General

a. Description. The Charles River Dam Project will include earth
embankments connecting the concrete structures within the Charles River
channel to higher ground on both sides. The primary function of the embank~
ments will be to act as a dam between the fluctuating harbor tides on the
downstream side and the relatively constant Charles Ri ver Basin upstream.
The site plan is presented on Plate 4~1. In all cases, elevations referred

to in this Design Memorandum are based on the M.D.C. Datum (Elevation
105.65 equals Mean Sea Level).

b. Purpose. This memorandum presents the results of subsurface invesitigations
and soil engineering studies undertaken for the design of the Charles River
Locks and Dam. The subsurface investigations include programs of subsurface
explorations and laboratory tests, conducted to determine the distribution

and characteristics of foundation materials and to determine soil conditions
pertinent to excavations and to the design and the construction of embankments.
Soil engineering studies,based on data obtained from the subsurface invest~
igations, were conducted to develop safe and economical earthwork designs
and construction methods.

B. SUBSURFACE INVESTIGATIONS

2. Subsurface Explorations. Subsurface explorations were initially made at this
site in 1962 for the Metropolitan District Commission. These explorations
consisted of drive sample and rock core borings, and were made using tech~-
niques and operations commonly accepted as local practice in the Boston
area. Soil samples were obtained by using a 2 inch O.D. (1 3/8 inch I1.D.)
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split-spoon sampler driven 18 inches by a 140 pound hammer free~falling
30 inches (i.e., the "standard penetration resistance test").

In order to update this information, additional borings were taken by the
New England Division, Army Corps of Engineers in 1970 and 1971. These
subsurface explorations were programmed and made in conformance with the
current criteria and practices as described in Corps of Engineers Manuals
EM 1110-2-1801 "Geological Investigations" and EM 1110-2-1803,
"Subsurface Investigations-Soils". The majority of these explorations were
drive sample borings. There was generally good agreement between the
results of the two subsurface exploration programs. The total results of

the subsurface exploration programs completed to date are considered adequate
for design purposes . The locations, types and general purposes of the
explorations, as well as the geology of both the site and the area which is
pertinent to the types and distribution of soils, are described in Design
Memorandum No. 2, "General Design, Site Geology and Relocations".

. Laboratory Tests. All laboratory tests were performed in accordance with
current standard procedures as described in the Corps of Engineers Manual
EM 1110-2-1906, "Laboratory Soils Testing". Soil samples from the recent
subsurface exploration program were visually classified in the laboratory

in conformance with the Unified Classification System. These visual class~
ifications were confirmed by grain size analyses and Atterberg Limit deter-
minations on samples considered to be representative of the various soil
types encountered. Additional tests were performed on selected samples

to determine their natural moisture content, natural density, consolidation
and shear strength characteristics.

. Presentation of Data. The results of the subsurface explorations accom-
plished by the New England Division, Army Corps of Engineers are presented
in this memorandum, except that the geologic sections are included in

Design Memorandum No. 2, "General Design, Site Geology and Relocations".
A summary of the results of laboratory tests is presented in Appendix A.

Logs of undisturbed samples, gradation curves and detailed shear test data
reports for organic silts from exploration FD=IA are presented in Appendix B.
Detailed consolidation test data for these materials is included in Appendix C.
Selected test data for till are shown on Plate 4~14. The locations of all
borings drilled in 1962 and 1970-71 are shown on Plate 4-2. The logs of
subsurface explorations are presented in Plates 4=3 through 4-12. Although
many borings are in areas discussed more fully in Part B, Foundations,of this
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memorandum, they are grouped together for convenience. Generalized
soil profiles along selected sections are shown on Plate 4-13.

C. CHARACTERISTICS OF EMBANKMENT FOUNDATION SOILS

. General Profile. The generalized soil profile along the baseline of the
vehicular viaduct, including the Boston and Charlestown embankments,
is shown on Plate 4-13, together with the embankment limits and structure

locations.

a. Boston Embankment. The existing level ground surface comprising the
Boston shore is a result of the gradual filling of the river-front with gran-
ular and miscellaneous fill for commerical development. This fill was
substantially completed more than 100 years ago. It extends from a point
south of Causeway Street, where it meets higher natural ground, a dis-
tance of over 1000 feet to the present river edge, and averages about 30
feet in thickness. In many areas the fill is capped by a thin layer of
pavement, rip-rap, railroad ballast or other materials. The Warren Ave-
nue Bridge, a pile-supported timber structure, connected the Boston and
Charlestown shores until it was destroyed by fire and subsequently aban-
doned in the mid-1950's. No effort has yet been made to remove the
structural remains, nor its pavement and associated utilities. Underlying
the granular fill is a continuous layer of sandy to clayey organic silt, and
organic siltly clay referred to hereinafter as organic silt. [t varies in
thickness from about six feet near the river edge to 15 feet some 300 feet
away from the river. In the river area the layer of granular fill is absent.
A deposit of silty sands lies under the organic silt, and varies in thickness
from 7 to 15 feet. A layer of till is next encountered, and its thickness
decreases from about 30 feet near the river edge to 15 feet at the southerly
end of the project. This layer is, in turn, underlain by the soft Argillite
bedrock, with a surface at about Elevation 50. The observed water level
in the bore holes was influenced by tidal fluctuations, and varied between
the mean high and mean low water levels.

b. Charlestown Embankment. The same general site=filling conditions
and soil profile found at the Boston side also exist at the Charlestown
embankment, the major difference being the absence of the organic silt
layer on the Charlestown side. There is a surface layer of about 15 feet
of fill overlying 6 feet of silty sand and underlain, in turn, by 35 feet of
till. The layer of granular fill is not present in the area within the river.
The Argillite bedrock is at a depth of 60 feet below the present
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ground level, or about Elevation 60. The observed water levels ranged
from mean low to mean high water, and were influenced by tidal fluctua-
tions.

Soil Properties.

a. Existing Fill. The surface fill is classified as SP-SM and GP-GM,
and consists of a mixture of silts, sands, and gravels together with ashes,
bricks and cinders. The moist unit weight is estimated to be 110 pounds
per cubic foot. For purposes of design, the angle of internal friction is
considered to be 33 degrees.

b. Organic Silt. The soft, dark gray to black organic silt contains vary-
ing amounts of shells, wood fragments and fibrous material. There are al-
so random pockets and lenses of fine sand, and occasional pebbles. Lab-
oratory tests were conducted on 3 inch undisturbed stationary piston sam-
ples of the organic silt obtained during the subsurface investigation
program conducted by the Corps of Engineers in 1970-71. The laboratory
test program consisted of three basic test categories, with the following
results:

(1). Classification Tests. Included in this category were such tests as
Atterberg Limits, Visual Classifications, Unit Weights, Organic Content
Determinations, Specific Gravity and Hydrometer Analyses. The summar-
ies of these test results are presented in Appendix A of this memorandum.
The tests accomplished on the samples of Organic Silt (OH) soil indicate
that the specific gravity is between 2.52 and 2.60. The organic content
ranges from 6.0 to 9.0 percent. Total unit weights vary from 93 to 97
pounds per cubic foot (pcf), and for design purposes the total unit weight
was adopted as 95 pcf. The Liquid and Plastic Limits vary from 54 to

109 percent and 28 to 42 percent,respectively, thus giving a range of the
Plasticity Index between 26 and 67 percent. Natural water contents
based on dry weights range from 53 to 80 percent. Between 2& and

32 percent by weight of this material has a particle size less than 0.002
mm .

(2). Compressibility Tests. Two consolidation tests were accomplished.
A fixed-ring consolidometer apparatus was used in all tests, with a ring
having dimensions of 4.44 inches diameter and 1.0 inch high. The final
pressure to which the samples were subjected was 8 tons per square foot.
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The durations of both the loading increment and the unloading decre-
ment were twenty-four hours for all tests. The coefficient of consolida-
tion (Cv) was determined from the curves of time (plotted on a logarith-
mic scale) versus dial readings (arithmetic scale) for each load increment
in each consolidation test. The load-compression (e~log p) curves for
each test, are presented in Appendix C. The test results for the Organic
Silt show that the compression ratio (Cc ) is between 0.22 and 0.24, and
Theg
that the material is normally consolidated. The coefficient of compression
(Cc) ranges from 0.65 to 0.74, The coefficient of consolidation (Cv)
ranges from 4 to 13 x 107" cm“/sec., and the initial void ratio (e )
varies from 1.92 to 2.05. °

(3). Triaxial Compression Strength Tests. Two series of consolidated-
undrained (R) tests were performed on the organic silt. The tests were run
applying back pressure and recording pore pressure measurements. Two
series of unconsolidated-undrained (Q) tests were also run. Test data
and sketches of samples ot failure are inc'uded in Appendix B. In order
to obtain the Mohr strength parameters for slope-stability analyses, Mohr
Circle plots of shear stress vs. normal stress were prepared using the test
results. These plots were drawn for both the total and effective stress
conditions, and are shown in Appendix B. The Mohr strength parameters
and the values developed for use in design are as follows:

Strength from R Tests
C=0.10t0 0.14 tsf Use 0. 10 tsf
$=13.510 13.9° Use 14°
Strength from Q Tests
C =0.22 t0 0.27 1sf Use 0.24 tsf

c. Silty Sand. This material is mainly classified as a silty sand (SM).

It consists of predominantly gray to black silty sand with occasional shells
and cobbles or silty sandy grave! (GP-GM). In some locations it has a
slight organic odor.

d. Till. This material ranges from sandy silty clay (CL) to a sandy
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clayey grave! (GC) with cobbles. Samples of this material were well-
graded, with from 40 to 70 percent by weight finer than the No. 40
sieve. The dry unit weight varies between 130 and 145 pcf. The natural
water content based on dry weight varies from é to 17 percent, and is
generally between 8 and 12 percent. The in-situ material was found

to be so dense during the exploration phase that conventional drive-
sampling procedures could not always be used. Core-drilling was fre~
quently resorted to in order to obtain representative samples of the till.
Selected test data for the till is shown on Plate 4-14.

7. Bedrock Properties. The bedrock at the site consists of Cambridge
Argillite. Because of its relative depth and the type and thickness of the
soil overburden, it is not of engineering significance for purposes of em-
bankment design and construction. However, the bedrock is of signifi-
cance for foundation design of structures, especially where piles are used.
A more detailed description of the bedrock is included in Design Memor-
andum No. 2, "General Design, Site Geology and Relocations. "

D. DESIGN CRITERIA

8. Tidal and Flood Conditions. Design Memorandum No. 1, "Hydrology and
Tidal Hydraulics, " describes the background data and reasoning by which
were established the theoretical tidal and flood conditions which might
occur at the Charles River Dam, if the several contributing factors were
to be acting simultaneously. The criteria which effect the design of the
embankment are:

a. Design High Water Elevation 113.0(MDC Datum)
b. Design Low Water 100.0*
c. Normal Basin Level 108.0
d. Maximum Desired Basin Level 110.0
e. Basin (Prelowering) Level 107.0
f. Maximum Differential Head
(Tide Side to Basin) 6.0
g. Significant Wave Heights
(1) Basin 1.0
(2) Bay Side 2.9

*This level is for embankment considerations. The design low water level
for hydraulic considerations is Elevation 102.5.
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9.

10.

1.

12.

Stone Protection. Stone sizes required for protection of the embankment

slopes were determined in accordance with Corps of Engineer's Manual

EM 1110 - 2 - 2904, "Design of Breakwaters and Jetties. "

E. DESCRIPTION OF EMBANKMENT

General. The two embankment sections connecting the river structures to
the Boston and the Charlestown shores will consist of granular materials

(a reasonably well-graded sandy gravel or a gravelly sand). Embankment
fill materials will be provided by the Contractor from off-site sources.
Typical sections are shown on Plates 4-21 and 4-22. The top of the
embankment will generally be at Elevation 118, which also corresponds to
the top of the boat lock structures. The side slopes will be 3 horizontal
to 1 vertical, and will be protected by stone. Where required for aesthe-
tics, square-cut quarried stone will be used in the above-water portions.

Embankment Sections

a. Compacted Gravel Fill, For the embankment constructed in the dry, the
embankment section was selected on the basis of the minimum side slope
which would satisfy stability requirements. However, since the portion

of embankment constructed in the dry is limited, the effects of the design
details of adjacent sections constructed in the wet and the existing slopes
to remain govern the embankment shape.

b. Dumped Gravel Fill. A substantial portion of the embankment must be
constructed in the wet, beyond the limits of a cofferdammed area.
Gravel fill will be dumped underwater below Elevation 105 without com-
paction,

Slope Protection. Both the tidal and the basin slopes of the embankment

will be provided with a surface layer of stone protection, placed upon
stone bedding. The stone protection will be transitioned from the embank-
ment slopes to the existing conditions along the Boston and Charlestown
shores. The design of the protection stone is based on anticipated velo-
cities and/or wave considerations, following the criteria and practices

as described earlier. Because of the relatively small quantities of pro-
tection stone required for the overall project, it was decided for econ-
omic reasons to specify a minimum number of composite stone gradations
rather than one for each small area to be protected. The selected
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gradation for the range of anticipated velocities and wave conditions, from

5 to 300 Ibs. will satisfy these criteria. Because of the location of this
project and its important visual exposure to the community, the faces of the
embankment will be provided with square=-cut stone protection extending from
below the lowest water level anticipated to the top of the slope. The exposed
face of this stone is about 2 feet by 4 feet, and its thickness will be about

1 1/2 to 2 feet. This protection will be more than adequate in satisfying the
criteria against the anticipated wave action (for waves up to the expected

maximum of 3 feet) and against ice scour action due to the relatively large
tide range on the bay side.

F. CHARACTERISTICS OF EMBANKMENT MATERIALS

13. Mc’rﬂeriglﬁs,
a. 7Grc1vel Fill.

(1) General. Except where otherwise shown for specific purposes, all
earth fills and backfills are to be of granular materials consisting of
reasonably well-graded sandy gravel or gravelly sand. These granular
materials may be any natural or processed bank=run material, provided
that they are reasonably free from thin, flat and elongated pieces and
contain no soft or friable particles.

* (2) Segregation. All loading, hauling, handling and stock-piling
operations shall be performed in a manner that will prevent segregation
and will permit placement of well-graded materials.

(3) Gradation. Gravel shall be well-graded throughout the entire
range of particle sizes, and shall be graded so as to meet the following
requirements:

U.S. Standard Sieve Percent Passing,
Designation by Weight
6 inch 100
2 inch 75-100
1T inch 50-85
No. 4 40-70
No. 40 20-50
No. 200 0-8



(4) Sources. There are no materials to be excavated and removed from
the project excavations which are anticipated to meet these requirements.
Investigations of the probable sources of gravel indicate that similar
gradation specifications have in the past been satisfied by materials
available from commercial sources. Locations of particular sources which
might be available depend upon many currently unknown factors but the
most likely sources are within 75 miles.

b. Protection Stone and Bedding Stone.

(1) General. All materials required for rock slope protection shall be from
off-site sources. The material for bedding stone and protection stone shall
be hard, durable, and sound rock, weighing not less than 160 pounds per
cubic foot in its natural state.

(2) Bedding Stone. Bedding stone shall be sound crushed stone, well-graded
in size from 1 inch to 3 inches. The material shall not contain more than
25%by weight of thin, flat and elongated pieces; and shall contain no
organic matter, fines, nor soft friable particles.

(3) Type | and Type Il Protection Stones. Protection stones shall be durable
fragments of quarried or blasted rock and shall be well-graded from 5 to 300
pounds and from 50 to 500 pounds for types | and I, respectively. They shall
contain no fragments having a maximum dimension greater than 2 feet and
shall be free of organic matter and friable particles. Type Il stone will be
used only for protection of the channel against scour.

(4) Type Il Protection Stone.  Type Ill protection stone shall be composed
of sound pieces of square~cut quarried granite, each shaped as nearly as
practicable to a right rectangular prism. All quarried protection stone

shall be supplied from an approved source which will be able to provide
sufficient stone of similar color and texture for the entire project. Quarried
protection stone shall be between 1 1/2 feet and 2 feet in thickness, and
each individual stone shall weight at least 2000 pounds. Quarried protection
stone may vary in dimension and weight only when necessary for placement
adjacent to the roadway curbing and at other confined areas.




G. CONSTRUCTION CONSIDERATIONS

14. Construction Procedure.

a. General. The embankment will be constructed in sections, partly in the
wet and partly in the dry, typical embankment sections are shown on Plates
4-21 and 4-22. The actual limits of embankment materials to be placed and
compacted in the dry will be determined by the inboard limits of the
cofferdammed area. Embankment materials beyond the cofferdam limits will
be dumped in the wet to 4 feet above mean low water Elevation 105), and the
remainder placed when the tidal waters are below the levels being worked.
Embankments shall be constructed up to Elevation 105 on both sides of a
cofferdam before removing the cofferdam.

b. Embankments Constructed in the Dry.

(1) Foundation Treatment. The foundation areas upon which embankment
fill is to be placed shall be excavated or stripped within cofferdammed
areas fo remove all mud, debris, trash, paving, lumber and other unsuitable
materials. During the placement of all embankment fill, the foundation
area shall be free of water and shall not be frozen.

(2) Construction.

(a) General. Embankment sections shall be constructed by placing and
compacting the gravel in essentially horizontal layers. All temporary
construction slopes at the ends of fills shall not be steeper than 4 horizontal
to 1 vertical. The thickness of each layer before compaction with a
tractor shall not be more than 8 inches, and shall not be greater than 3
inches when compacted with a power vibratory tamper. Special care shall
be taken to insure a tight contact of the compacted fill against all concrete
surfaces and with the faces of all steel sheet piling, taking particular care
to avoid any damage to the concrete walls and steel sheet piling.

(b). Equipment. Except in confined areas and adjacent to concrete structures
and steel sheet piling, each layer of gravel is to be compacted by a
crawler~type tractor weighing not less than 35,000 pounds. The tractor

shall exert a unit tread pressure of not less than 9 pounds per square inch
and shall have standard width treads. Tractors shall not be used to compact
fill within 4 feet of steel sheet piling. Power vibratory tampers shall be

used for compaction of fill materials in confined areas and in areas adjacent
to concrete structures where tractors are not permitted.
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(e). Procedure. Each fill layer shall be compacted by not less than 6 com-
plete passes of the crawler-type tractor. A complete pass shall consist of
the entire coverage of the area with one trip of the roller overlapping the
adjacent trip not less than 2 feet. In a confined area where a vibratory-
type power tamper is used, each layer shall be compacted by not less than
6 coverages of the tamper.

c¢. Embankments Constructed in the Wet,

(1). Foundation Treatment. Prior to the underwater placement of gravel
fill, materials that have sloughed or settled onto the foundation area must
be removed. During foundation cleanup prior to placing gravel upon
excavated slopes, equipment must drag the sloping area to insure that it is
at the desired grades.

(2). Placing. Gravel shall be placed underwater to the outboard faces of
the cofferdams and to the required lines, grades and slopes as soon as practi-
cable after the foundation clean-up operations have been completed in any
reach to be filled. The lower portions of the underwater fill (below Elevation
105) shall be placed by skip or bucket lowered into the water and opened
only a few feet above the placing level. Placement by end-dumping and
pushing from above-water shall be used when suitable for the upper portions
of underwater fill. Fill shall be placed in such a manner that the entire
section will be free from layers or pockets of organic silt or other foreign
material. Filling shall start at one end of the reach and proceed in one
direction to Elevation 105. Compaction will not be required for gravel
placed underwater. After the underwater embankment materials are placed,
the side slopes will be trimmed to the required lines and grades.

(3) Embankment Above Elevation 105. The portions of embankment outside
cofferdammed areas and above Elevation 105 will be placed and compacted
in the dry, sequenced so that the tidal waters are below the levels being
worked. Subsequent tides may inundate the fill, and care must be taken to
avoid any deterimental effects from this submergence within the completed
embankment. Above the high water level, the embankment construction
can be scheduled regardless of the tidal fluctuations.

d. Proftection Stone.

(1) Temporary Stone Protection. Temporary stone protection is required
during the Stage | construction phase to protect the newly-excavated
bottom and side slopes of the by-pass channel from scour. The maximum
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river-bottom velocities through the channel are estimated to be in the
order of 8 fps, and Type |l protection stone will satisfy these conditions.

(2) Bedding Stone. Bedding stone within the dewatered cofferdammed

areas or above Elevation 100 shall be placed in the dry directly from trucks,
bucket or skip. Bedding stone placed in the wet shall be placed by bucket
or skip, lowered into the water and opened just above the desired level.

(3) Embankment Siope Protection Stone. Type | protection stone is to

be placed below the low water levels in both the upstream (basin) and the
downstream (bayside) slopes. By design wave criteria, the stone weight
should be 20 pounds and 140 pounds on the upstream and downstream sides,
respectively. To meet these and other project considerations, the Type |
stone is to be graded from 5 to 300 pounds (i.e., about 4 to 18 inches

in spherical diameter). Protection stone will be extended landward from the
bayside and basin slopes of the embankment to the Charlestown and Boston
shores.,

(4) Square-cut Protection Stone. Type Il protection stone is to be placed
upon the exposed faces of both the upstream and downstream slopes

(i.e., bayside and basin sides). The square-cut Type Il protection stone
will be laid in course on stone bedding.

H.SEEPAGE CONSIDERATIONS

. Seepage Confrol

a. Seepage through Embankment. Seepage through the dam embankment

will be relatively minor, due to the relatively small and reversible seepage
gradients resulting from the relation of the basin and tide levels. With a
"constant " basin level at Elevation 108, the differential heads are 5 feet
(upstream) at design high water and 8 feet (downstream) at design low water.
These differential heads reverse themselves in a period of about 6 hours, so
that the classic "steady=-state" condition is never achieved within the embank=
ment. Horizontal flow paths through the compacted portion of the embankment
at the maximum head differential exceed 130 feet. Based on these conditions,
no special means are required to control seepage. The bedding course beneath
the stone protection will provide filter action for that minor quantity of sea
water which would seep into, and then out of, the downstream embankment
face during the tidal cycle.
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16.

b. Seepage through Foundation. The major portions of the embankments
wilTbe founded upon a thin layer of silty sand overlying a natural deposit
of dense till soils encountered after all unsuitable foundation materials
have been removed, either in the dry or in the wet. Although no test
data is available showing permeability through this deposit, it is locally
considered to be relatively impermeable. Since the flow path at the
foundation exceeds 140 feet and the heads are small, seepage through

the dense in=situ soils will be negligle thus, no special precautions are
required.

c. Seepage through Existing Fills. The landward ends of the embankment,
on both the Boston and the Charlestown shores, will be constructed upon
existing fills which were placed many years ago without regard for placing
or compaction techniques. These materials have in the past shown widely
variable characteristics with respect to actual in-place permeability.
Although the differential heads are small and reversible, and the potential
flow paths at maximum head exceed 130 feet, past local experience
indicates that minor seepage could occur through these existing materials,
several passes of the compaction equipment will be required to densify
the upper portions of the in-situ materials. This procedure, together with
the filter action of the stone protection courses, will eliminate any
adverse effects from minor seepage.

I. STABILITY OF EMBANKMENT, EXCAVATION SLOPES AND
EXISTING SLOPES

General. Several excavation slopes, an existing slope and an embankment
were analyzed for stability against shear failure using circular arc and wedge
methods of analyses in accordance with Corps of Engineers Manual EM [110-2-
1902, "Engineering and Design Stability of Earth and Rock Fill Dams". The
design shear strengths and unit weights for the organic silt layer were
selected on the basis of laboratory test results. The design shear strengths
and unit weight for the other embankment and foundation materials were
selected on the basis of experience with similar types of materials.

Extensive use was made of electronic digital computer in searching for
critical circles. The computer solutions for the critical circles were checked
by manual computation.
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17. Slopes Analyzed.

a. Temporary Excavation Slopes. The existing slope along the Boston
shoreline has to be excavated to permit the construction of the temporary
bypass channel (See Sections NN and PP on Plate 4-15). Excavation

slopes required on the Charlestown shore to allow the dredging of organic
silts and other materials were also checked (See Section RR on Plate 4-16).
It was assumed that the organic silt was normally consolidated under the
existing overburden pressure. These slopes were analyzed for low #ide and
sudden drawdown conditions. In the latter case it was assumed that the slopes
would be still saturated up to high tide Elevation 113 when the low Hde
occurs at Elevation 100.

b. Embankment . The critical embankment section is presented as Section
MM on plate 4~15.  The maximum height of embankment which will be
constructued on about a 35 feot thick existing sand fill everlying the organic
silt will be less than 8 feet; further away from the river {(towards Boston)

the embankment tapers fo nothing.

(1)._Low Tide Analysis. The embankment was analyzed for stability at the
end of construction on the assumption that the time required fo construct
the embankment would be too short to permit the consolidation of the
organic silt foundation material under the applied additional embankment
load. The conditions of these assumptions were identical fo those of the un-
consolidated undrained (Q) shear test, the analyses were made using the
design shear strengths for the embankment and foundation materials based
on this test condition. However, since all the undisturbed organic samples
for the unconsolidated undrained (Q) trioxial compression tests were
obtained from locations where the existing overburden was limited to o
height of about 15 feet, it was judged that higher Q=strengths would exist
in the field where the overburden height was of the order of 35 feet .

Based on the magnitude of the existing overburden pressure 00-3000+ psf)
these Q strengths varied from 300 psf to 1000 psf in the analyses as shown
on Plates 4-17 through 4-20. The Q strengths were estimated by using
the Mohr sirength envelopes shown on Plates B~4 and B-9 in Appendix B.

(2). Rapid Drawdown. Stability analyses were made for sudden drawdown
from Elevation 113 to Elevation 100 on the bay side using the composite
R-S strength envelope.
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18.

c. Existing Slope. The bayside slope on the Boston shore which has been
stable ever since it was constructed (more than 100 years ago) was analyzed
to check the test data and design assumptions. The section for this slope
and its location are shown on Plate 4-15. This section was analyzed for
the low tide as well as the rapid drawdown from Elevation 113 to Elevation
100) conditions. The composite R=S strength envelope was used for the

rapid drawdown analysis while the Q-strengths were used for the low tide
analysis.

Summary of Design Values

a. General. The following is a summary of the various properties of the
foundation and embankment materials used in the slope-stability analyses.

b. Unit Weights

Materials Design Unit Weight in Pounds per
Cubic Foot

Dry Moisst Saturated ~ Submerged

Gravel Fill (Compacted) - 135 135 71
Gravel Fill (Dumped) - 135 135 71
Existing Sand Fill - 110 110 47 .6
Organic Silt -- 95 95 32.6
Silty Sand - 110 110 47 .6

c. Design Shear Strengths

Material S Condition Q Condition R, Condition

() C (0] C [ C
Degrees T/SF Degrees T/SF Degrees T/SF

Gravel Fills Compacted &
Dumped 35 0 35 0 35 0

Existing Sand Fill 33 0 33 0 33 0
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19.

20.

Moferjci 5 Condition  Q Condition R Condition
C (P C C
Degrees T/SF  Degrees T/SF Degrees T/SF

Organic Silt 36b 0 0 0.15¢to 14 0.10
0.50 ¢
0.30 @

Silty Sand 33 0 33 0 33 0

dThis lower shear strength was selected for use in the wedge analysis in which
the strength of a thin layer of weak material is critical while the average
strength was selected for use in the circle analysis where the effect of o

thin layer of weak material is less critical.

b This value of strength was obtained from the results of consolidated .
undrained traixial compression tests with pore pressure measurements. (R-test)

¢ These Q-strengths were estimated from the Mohr strength envelopes
for R=tests shown on Plates B=~4 and B-9 in Appendix B und are based on
the assumption that the organic silt is normally consolidated under the
existing overburden pressure (200 to 3000+ psf),

Sections Analyzed. The following sections were selected since they combine
maximum embankment or slope height with appreciable overburden depth
and because the foundation silts occur at these sections:

(a) Excavation Slopes

(1) Slope across temporary bypass channel Boston shore. (Plate 4~15,
Section NN)

(2) Slope on Boston shore on basin side. (Plate 4-15, Section PP)

(3) Slope on Tharlestown shore after dredging.(Plate 4-16, Section KR)

(b) Embankment

(1) Embankment on Boston shore on bay side. (Plate4~15, Section MM).

(¢) Existing Slope

(1) Slope on Boston shore on bay side (Plate 4-15, Section MM).

Results of Stability Analyses. Summaries of the results of the slope and
embankment stability analyses and typical analyses are shown on Plate
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4-16 through 4-20. The minimum factors of safety against shear failure

as determined by the analyses are tabulated below . These minimum factors
of safety are considered adequate and the results of the analysis indicate
that the slope and embankment are safe against shear failure.

Condition Analyzed Minimum Factor of Safety

a. Temporary Excavation Slopes

(1) Bypass Channel Slope (Boston Shore )
(Plate 4-18, Section NN)

(a) Circle Analysis
Y
(1) Low Tide 1.42
(1) Rapid Drawdown 1.33

(b) Wedge Analysis
(Plate 4-20, Section NN)

(1) Low Tide 1.29
(1) Rapid Drawdown 1.10

(2) Basin side Slope (Boston Shore)
(Plate 4-18, Section PP)

(a) Low Tide

(1) Circle Analysis 1.52
(b) Rapid Drawdown

(1) Circle Analysis 1.34

(3) Slope after Dredging (Charlestown Shore)
(Plate 4-16, Section RR)

(o) Low Tide

(1) Circle Analysis 1.42
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b. _Embqpkmgrﬁf

(1) Boston Embankment
(Plate 4=17, Section MM)

(a) Low Tide

(1) Circle 1.33
(b) Rapid Drawdown

(1) Circle Analysis i.15

c. Existing slope

(1) Bayside Slope (Boston Shore)
(Plate 4-17, Section MM)

(a) Low Tide

(1) Circle Analysis 1.25
(b) Rapid Drawdown
(1) Circle Analysis 1.10

J. EMBANKMENT SETTLEMENT

21, Se’rflemernr Estimates

a. General. Except for the organic silt deposit the foundation materials are
of very low compressibility. Based on the consolidation characteristics of the
organic silt it is estimated that a substantial portion of the settlement due to
the embankment load will occur during construction. It is anticipated that
the total past construction settlement will not exceed a foot and probably
will be less than 6 inches. Settlement measurements will be made during
construction and the final paving of the roadway will be delayed until

80% of settlement has oceurred.

b. Boston Embankment. Primary consolidation seitlements were computed
at the various locations along the vehicular viaduct approach embankment
and yielded the following results:
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Location Estimated Settlement

Station Offset in Inches
53+10 0 4
53+10 33 ft. Left and Right 31/2
53+60 | 0 5
53+60 33 ft. Left and Right 11/2

It has been the general local experience that secondary consolidation
settlements for such organic soils can sometimes equal 20 percent of the
primary settlements.

Percent Primary Consolidation Time Required in Months
10 0.1
20 0.5
30 1.0
40 1.8
50 2.8
60 4.1
70 5.8
80 8.2
90 12.2
95 14.4

c. Charlestown Embankment. The organic soils will be excavated and
replaced with gravel fill. The settlements at this location are anticipated
to be negligible.

K. INSTRUMENTATION

. Settlement plates to monitor settlements during construction will be provided.
In view of the relatively low embankment heights, it is considered that the
installation of instruments to measure construction pore pressures and slope
movements is not required.
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PART B - FOUNDATIONS FOR CONCRETE STRUCTURES

A. INTRODUCTION

General
a. Description. The major structural portions of the Charles River

navigational traffic; a pumping station to provide control of flood flows,
especially during periods of high tide; and a fish ladder for migration of
fish through the facility. Gravity sluicing to maintain the basin level
during normal conditions will be accomplished through a separate low-
level sluicing conduit at low tides. For abnormal conditions, sluicing may
also be accomplished through the locks and the lock-filling culverts. A
highway viaduct crossing the Charles River over the locks and dam is

also part of this project. The locations of these structures are shown on
Plate 4-1.

b. Purpose. This portion of the memorandum presents the foundations
selected for these structures, and the effects of the subsurface conditions
upon their selection. Except for the highway viaduct, the structures can
be supported directly on the existing dense till deposit. The determination
of the maximum allowable bearing capacity for the concrete structures
within the river is dependant upon the practical considerations of the
structure and foundation behavior in relation to the foundation soils. The
considerations for the foundations of the earth embankments are included
in Part A of this memorandum. Design requirements for river earthwork,
seepage control under structures, and river bottom protection are presented
herein. Also included is a discussion of feasible construction procedures
and special requirements necessary to provide uninterrupted flow of
navigational traffic and passage of flood flows. Pertinent soil data and the
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soil conditions at each location are discussed, and criteria for selecting
design data such as allowable stresses and sizes are included.

B. SUBSURFACE INVESTIGATIONS

Subsurface Explorations. These have been described in Section B.2.,
Part A; Embankments, of this Memorandum.

Laboratory Tests. These have been described in Section B.3, Part A,
Embankments, of this Memorandum.

C. CHARACTERISTICS OF FOUNDATION SOILS

General Profiles. Generalized soil profiles have been drawn at selected
Tocations to show the existing soil conditions. These are presented on

Plate 4-13, and show the embankment limits and the structural locations.
These profiles are based on engineering soil reports, which were prepared

for all pertinent explorations by the design engineer with the aid of laboratory
test data. Included in these reports are descriptions of the soil strata, based
on the engineer's examination of the samples and his interpretations of all test
results and exploration data. These descriptions include the consistency of
the material, estimated or measured percentages of the soil components,
color, stratification, presence of foreign matter, geological names and other
information of significance in the determination of the characteristics of
these materials for design and construction purposes. The results of these

soil profiles and sections are as follows:

a. Profile Along the Baseline of the Vehicular Viaduct. The depth of the
Charles River along the baseline varies at high tide from a few feet to about
30 feet at the existing navigational channel. The normal low and high tide
levels are established at Elevation 100.8 and Elevation 110.2, respectively,
based on the M.D.C. Datum. During the monthly tidal cycle, the low and
high water levels extend about 2 feet beyond these normal limits. The river
bottom deposit consists of very soft sandy to clayey organic silt and organic
silty clay with some clamshells hereinafter referred to as organic silt. The
thickness of this layer varies from about 5 feet at the Boston shore to
approximately 10 feet at the Charlestown shore, and its color ranges from
gray-black to black. Underlying the organic silt layer is a continuous
stratum of silty sands, varying in thickness from 5 to 10 feet. A continuous
deposit of dense to very dense till is next encountered, and its thickness varies
between 15 and 25 feet. The bedrock below the till deposit consists of a
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light gray, soft Argillite with occasional zones of very soft weathered rock.
The bedrock deposit has been described in Design Memorandum No. 2,
"General Design, Site Geology and Relocations". The portions of the

soil profile towards the shorelines under the Boston and Charlestown
embankments are described in Part A, "Embankment, "Section C of

this Memorandum.

b. Profile Along the Large Boat Lock. The transverse profile shown on

Plate 4-T3 s drawn along the centerline of the large lock, perpendicular

to the baseline of the vehicular viaduct. The river-bottom deposit consists
of very soft, dark gray to black sandy organic silts. The thickness of this
deposit varies from 5 feet to 10 feet along this profile. The organic silt

is underlain by a 5 feet to 30 feet thick layer of silty sand ranging in density
from loose to medium dense. Underlying the layer of silty sand is a stratum
of dense till. The thickness of this layer ranges between 5 feet and 30 feet,
and it is underlain by the Argillite bedrock.

Soil Properties.

a. Organic Silt. The properties of this material have been discussed in
Section 6.b., Part A of this Memorandum.

b. Silty Sand. The properties of this material have been discussed in
Section 6.c., Part A of this Memorandum.

c. Till. The properties of this material have been discussed in Section
6.d., Part A of the Memorandum.

Bedrock Properties. The properties of the bedrock have been discussed
in Section 7., Part A of this Memorandum. '

D. DESIGN CRITERIA

Tidal Flood Conditions. The backgroutid data and basis for the criteria
for design tidal and flood conditions are presented in detail in Design
Memorandum No. 1, "Hydrology and Tidal Hydraulics".

Settlement. The modulus of vertical subgrade reaction was selected at 340
fons per cubic foot for the 1 foot square bearing plate. After taking the
base width of the navigation locks and pumping station structures into
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10.

consideration this results in a modulus of vertical subgrade reaction of
85 tef.

Sliding Stability. The coefficient of friction against sliding of the base
of structue was adopted at 0.5 with no cohesion.

E. RIVER EARTHWORK

Demolition.

a. General. The project site encompasses an area which includes many
facilities, some presently useable and others abandoned. On the Boston
side these facilities include a boat marina and a portion of the Beverly
Street embankment (also called Warren Avenue), now used for vehicular
parking and storage. Along the Charlestown shore, the area behind the
sea walls is used for transient parking. In addition there is an abandoned
pile-supported timber platform which formerly supported a restaurant.

b. Warren Avenue Bridge and Piers. The most conspicuous structure

to be demolished within the work area is the abandoned Warren Avenue
Bridge. This timber~piled bridge structure, partially destroyed by a fire
in the mid-1950's, had previously been used by vehicular and pedestrian
traffic between Warren Avenue (and City Square in Charlestown) and
Beverly Street (in the North Station area of Boston). Timber piers for
navigational control extended downstream to the existing Charlestown
Bridge, and upstream beyond the structural piers of the high-level Central
Artery Bridge. No effort has since been made to intentionally remove
the remains of the bridge and its appurtenant piers. The cobblestone pavement
together with utility pipes hung under or against the bridge, have fallen
into the river-bottom muds. During periods of high tides and/or storms,
pieces of timber have been dislodged and carried into the Inner Harbor

as floating debris.

c. Seawalls. Existing seawalls have been used along both the Boston

and the Charlestown shores to provide support for filled areas. Portions of
the seawalls will be removed, and permanent work subsequently tied into
these walls. The seawalls are essentially built of granite blocks laid
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in mortar, except that one length of wall in Charlestown consists of
decayed timber. As-built plans of these seawalls are not available,
but local experience has been that these walls consist of granite blocks
built upon a timber platform set a foot or two below low water. This
platform has been supported in several ways - by timber piles, on in-situ
granular soils, on stone ballast or on stone blocks sunk into underlying
soft muds. In some cases, the timber platform extends beyond the block
wall, and is covered with backfill. Generally, backfill behind the
seawall consists of granular materials, although clays, silts and other fills
might also be present. At one location along this wall, there has been
some loss of materials from behind the seawalls, presumably by loss of
ground due to piping, subsidence and/or densification of the backfill or
the foundation soils.

Excavation in River Area.

a. General. The excavation in the river area will consist of the exca-
vation, removal and disposal of organic silt and of other materials as re-
quired for the construction of embankment, channels and approach sec-
tions for river flows , and for the concrete river structures. All portions
of the abandoned Warren Avenue Bridge and its adjacent piers will be
removed prior to starting the river excavation. The limits of river exca-
vation are affected by existing site conditions such as locations of sea-
walls and bridge piers which are to remain , and by utility systems and
other structures crossing the river which must not be interrupted.

b. Excavation of Organic Silt. The organic silt is unsuitable for all
construction purposes and will be removed in its entirety for foundation
preparation. All excavation operations must insure that adverse amounts
of sediments are not placed into suspension in the tidal waters. Removal
of the organic silt must be complete where required for stability of the
selected cofferdam type. The organic silt existing along the Charlestown
shore , together with the overlying fills, will be removed to the extent
required for the foundation of the embankment and shoreline development.
Excavation or organic silt will also be required along the Boston shore for
the temporary by-pass channel, and for areas to receive protection stone
to prevent erosion due to wave action and river discharge.

c. Excavation of Granular Materials. Granular materials will be exca-
vated to the extent required for hydraulic considerations, both for the
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by-pass channel and for the approaches in the upstream and downstream
areas. Granular materials and till will be excavated to the extent
required for foundation preparation of the river structures.

d. Earthwork within Cofferdammed Areas. The earthwork operations
within the cofferdammed areas will consist of the final excavation of the
dense till upon which the structures are to be founded or to those grades
required for placement of the protection stone. The final 2 feet of ex-
cavation for structures will not be made until immediately prior fo pla-
cing a thin (6 inches) working mat of lean concrete, by which the fill
will be protected from atmospheric exposure. Where excavations must
be carried below the bottom of the foundation fo reach the dense till,
the below-grade portion will be refilled with lean concrete to the bottom
of the structure foundation

e. Effects of Existing Structures. There are several structures within or
immediately adjacent to the work area which will affect the earthwork
operation. The existing piers for the high-level Central Artery Bridge
and the Charlestown Bridge are not to be disturbed. Similarly, utility
systems carried across the Charles River upon or adjacent to these struc-
tures must not be interrupted. The locations of the new MBTA tunnel
and the City of Boston 3é-inch ductile steel water conduit, both slightly
upstream of the work area, must be permanently and accurately marked
to avoid any disturbance.

F. FOUNDATIONS FOR RIVER STRUCTURES

Bearing Capacity for Structures. In general, the minimum foundation

grades for the structures are below the surface of the dense till. In order
to preserve the in-situ integrity of the dense till, a thin working mat of
lean concrete (or "mud slab") will be used under all structure foundations.
In some locations, over-excavation is required fo remove unsuitable
materials which overlie the till, and these materials will be replaced by
a sub-foundation of lean concrete. All excavations and replacement
operations for structures will be done within the dewatered area. Based
on local practice, the maximum allowable bearing capacity for the till
has been established at 4 tsf. (Boston Building Code allows up to 10 tsf
for building structures bearing on till.) Where footings for structures

are founded on till, bearing pressures up to 5 or 6 tsf are commonly
selected. Based on engineering judgement consistent with local practice,
a maximum allowable bearing capacity of 4 tsf for till is considered to be
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sufficiently conservative.

- Boston Marginal Conduit. This conduit, a 90-inch R.C. pipe, will be

located adjacent to the Boston bank of the Charles River. The invert
grade is indicated at about Elev 92. Since most of the existing soils will
have been previously removed for the construction of the locks, this
pipe will be placed upon compacted granular fill for the embankment.
This conduit has not yet been designed, and it is not known what ty pe
of foundations will be required upstream of the project area. This pipe
will discharge below the downstream slope stone protection. The details
of control structures for gates, final treatment, etc. are covered in
Design Memorandum No. 2, "General Design, Site Geology and
Relocations.™.

G. CHARACTERISTICS OF STRUCTURAL FILLS

Gravel Fill and Backfill for Structures.

a. General. Materials to be used for fill and backfill beneath and
adjacent to structures will consist of well-graded sandy gravel or gravelly
sand.

b. Gradation. Gravel shall be well-graded throughout the entire range
of particle sizes, and shall be graded so as fo meet the following
requirements:

U.S. Standard Sieve Percent Passing,

~ Designation by Weight
3 inch 100
2 inch 90 - 100
1 inch 75 - 90
No. 4 40 - 70
No. 40 20 - 50
No. 200 0 - 8

c. Design Values. The following properties were adopted for compacted
gravel in the design of concrete structures:

Angle of internal friction = 32 degrees
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16.

Moist Unit Weight = 125 pef
Saturated Unit Weight 125 pcf

1l

H. CONSIDERATIONS OF RIVER CONSTRUCTION

General. The foundation preparation of all river structures will be in

the dry within cofferdammed areas. The sequence of construction and

the locations of outboard faces of cofferdams will have to be limited so
that the conditions of navigational traffic and river flow are maintained.
The final excavation lift to or within till will be immediately followed
by the placement of the thin working mat of fean concrete. Construction
of the river structures will then proceed within the cofferdams. When
all work below the high tide level is completed, the cofferdam can then
be flooded and breached.

Sequence of Construction .

a. River Excavation. Excavation of the organic silt and granular mate-
rials may be accomplished either in the wet or in the dry. Prior to the
completion of final foundation preparation, cofferdams will be installed
and dewatered.

b. Stage |. Because of the configuration of the structures and the need
to continuously accommodate river flows and navigational traffic, 2
stages of construction will be required as shown on Plate 4-23. Structures
within the first stage include the fish ladder and sluiceway, the pumping
station and the large boat lock, and a portion of the small boat lock
structure. Also included in Stage | is that section of embankment exten-
ding toward Charlestown. The Stage | cofferdam will extend into the
Charlestown shoreline and the by-pass channel for navigation and flows
will be excavated and maintained along the Boston shoreline. Access
into the cofferdammed area will be by earth ramps from the Charlestown
side. There is sufficient space on the Charlestown shore beneath the
Central Artery vehicular viaduct for the contractor's work area and
storage areas. When the structures and the Charlestown embankment are
sufficiently complete and the pumping station and large lock waterways
are open, the Stage | cofferdam will be flooded and remaved.

c. Stage ll. Upon removal of the Stage | cofferdam, navigational
traffic and the tidal and river flows will be diverted through the
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completed structures. The Stage Il cofferdam will then be installed and
dewatered, and the remainder of the small boat locks will be constructed.
A portion of the Boston embankment, including the discharge end of the
Boston Marginal Conduit, will also be built within the Stage {I.

17. Cofferdam Schemes .

a. General. A review was made of the several cofferdam schemes which
might be utilized in order to determine which scheme might be more
economical and/or feasible. [t was concluded that, while several schemes
could be possibly be employed, a cellular cofferdam would be most feasible.
The design of the Cofferdam will be covered in Design Memorandum No. 8
"Cofferdams".

b. Schematic Preliminary Layout. A schematic preliminary layout of a
workable cellular cofferdam scheme is shown on Plate 4-23. The final
layout will be in Design Memorandum No. 8, "Cofferdams". Earth-
filled cells would enclose the required work areas for Stages | and II.
This arrangement would provide access from the tops of the cells into
both work areas during the respective stages, as well as sufficient space
for dewatered foundation preparation. It would also allow the required
passage of traffic and river flows around the Stage I limits within a
temporary by-pass channel. All organic soil will be removed from the
cofferdam cells before they are filled with gravel.

I. SEEPAGE CONTROL

18. River Structures. The final preparation for the foundations of the concrete
structures will be made within a cofferdammed area. The foundations will
bear directly upon the relatively impervious till, which will be protected
by a thin mat of lean concrete. Because of these operations and the small
and reversible differential heads, seepage protection beneath the structures
is not required.

J. RIVER-BOTTOM PROTECTION

19. General. Scour protection generally consists of a 2 foot thick layer of
5 to 300 Ibs (Type 1) stone dumped on a 1 foot filter layer of gravel where
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placement will be on dry areas and on a 3 foot layer where placement will be on
submerged areas. The protection will extend 40 feet on both the upstream and
downstream side of river structures except downstream of the large lock where it
will extend 260 feet. Downstream of the large lock the stone size will be graded
from 50 to 500 pounds (Type II). Type | stone protection will be provided around
the existing piers of John Fitzgerald Expressway bridge and the Charlestown bridge.
This protection will extend 8 feet beyond the perimeter of the pier footings (or pile
caps). Steel sheeting will be driven on 3 sides of the John Fitzgerald Expressway
piers located near the temporary by pass channel. The temporary by pass channel
will be protected against scour with a 2 feet thick layer of 50 to 500 lbs. (Type Ii)

dumped stone.

K. FOUNDATIONS FOR VEHICULAR VIADUCT

20. General. The foundations for the vehicular viaduct are included in Design
Memorandum No. 6, "Vehicular Viaduct". Portions of the viaduct which are not
resting on the concrete structures in the river will be supported on end-bearing
steel H-piles.

L. FOUNDATIONS FOR FENDER PIERS AND TRAINING
STRUCTURES

21. General. A discussion of the foundation for the fender piers and training
structures is presented in Design Memorandum No. 7, "Navigation Locks and
Facilities". These consist mostly of treated timber piles and some steel H-piles.
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see Plate 4-3
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i 20 e
- 24
2.9 & _ 125118 |
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Gray Black Clayey
ORGANIC SILT, trac:

fine Sand; Shells
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0|0l vlo|ais
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TTTTYY

Gray Clayey SILT, |-

¢ fine SAND, fittle
fine to med Gravel]

portially cemented '2

Gray- yellow Clayed o1

SILT, little fine
Sand

TOP OF ROCK 640

Groy SILTSTONE,

soft ¢ seamy

£3,3,344 My/F+.

S

TTYrrreeY ””ﬁ”' "m””"ﬁ”””

otorn of Boring 69-0"
Date completed 4/16/65

1743’

1033

102.3

823

635

62 o

B.H. F-10

B.H.G-1

8.H.G-3
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2*Asphalt; Brown
fine to med. SAND,
gravel, brick- Misc.
FiLk

Brown fine fo mad,
SAND [itlle fine
gravel
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®

Brown fine o med.
SAND, [itHe fine to
rmedium gravel, FILL
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medivm grovel, FILL
same with Cinders
and Brick Chips

Cray Flack OPGANN
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sl iofjoioloio
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@fviojalalufrl-
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T
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SAND, little silt,
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JTERE

Brown- Black fine
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fine Gravel; brick

fragments - FILL

Gray Black fine fto

coorse SAND, some)
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wood chips

i

Brown-Black fine to
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frag 75 w/wood

chips —~FilL
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med. gravel, litie
fine sand
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sitt/ oy
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fine gravel
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9
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Gray Clayey SILT,
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Gray Black Cloyey
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fine sand; brick
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Gray fine to med)|

SAND, sorme silt,

trace fine gravel

e e | B
Gray Brown Cloyen
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sard, frace coarse
.  gravel

i TT
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med. Gravel parfiolly)
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Gray Clayey SILT,
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. TOP OF ROCK 5/-2"

E
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Bottorn of Boring 56-8"
Daote completed 4/8/63

Gray fine to med.
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T
2
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e 29
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ra . 31
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HALE. 22
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. ' P 1]
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d S
6
3 :
[
n

A
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33
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%YX'III”! %H”””%H
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Dafe completed 4/16/63
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@ medivm gravel, 481 11
little silt 57]12

T]%gn‘vvﬂ'ﬁ‘ﬂ
1wu~nmu»wm-

735

Groy Clayey SILT;
some fine to coarsg— 171
@ Sand, little fine

Gravel

8.5

Gray fine to med.
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gravel; Cobblis @320

165] 39

® 158] 41
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#40'0"] 167] 45

[
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T !{||TYYII‘4‘%HTIIIII’ ‘”””l,’H.” ”””””””H”””ﬁﬂﬁ‘” TT i”nvv ‘H’H”””[”
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very soft ¢ searny 3
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5
. s
300" S

Bottorn of Boring 560"
Date complefed 9/11/63

NOTES:

/. For boring legend and notes
see Plote 4-3 ;

2. For additional rores and.
Jocations of borings seerlaled-2
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£ o [
- F 5 | o 7118
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r fine to med. Gravel| 129] 29 F Fné o mid. Gravel | 117] 29 |
. some w/ Shele Chips| 136 | 30 o Coimented 230" 28] 30
=7 @28'0" [109] 31 % 531
i @
. 119] 32 - {127] 32
Sauk 126] 33 - [ 136] 33
F Gray Brown Clayey :3: ; - ;’; ;
E SILT, little fine to. «E | 1981 35 |
% med. Sand, little ———«: ;79 % * E @ ,.-42?)2 .-.:_
£ fine to med. Gravel; £13 E Foie] 39 |
E Ceimented @ 35°0" 35 r 227] 39
% o 20 o 231 40|
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% 79 :lz 43.0 :z:iE @ TOPOF RocK 4/ & 297] 42
N N =
R 1o/ Refusal ot 45-0" £ )
Dote completed 4/12/63 £ 8,344 ¢4 Min/Ft. :i
nJ38.Q
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Date completed 4/16/63
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Brown med. fo fine

i

SAND, some fine to 2

med. Gravel, tr. Silt; r}

- brick” fragments; 5
5% MISC.FILL ] 3

7 2 17

£ 6. 8

£ 4 9

C 5 |10

= -

7 |12

F 13

C 14

E i3
::g Brown med. fo fine 6

- SAND, some fine to 17

E med: Gravel, #r Silt 18
brick fragments, ’22

MISC. FILL ;some 37

with_little Silt 5 T2z

5 |23

18 | 24

830 :‘E— Lt
i5 |26

B9 sray Black coarse (T2 |27
F to fine SAND, some | 10 | 28
ORGANIC SILT, trace | 10 | 29

o fine Gravel 9 {30

: % 7131

E [ 10|32

£ |11 133

s £ 11 | 34
T E Gray oRGANC ST, |18 135
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- shells, pieces of + 38

o 4 | 39
o s | 40 |
_‘E_ SENEIR

o645 5 [ 42
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EX @ | sittte fine sand  [S212

- and fine Gravel Tio] 53

L 160 | 54

SHSEFEQ

Refusal at 54-9"

Date completed 4/23/63
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EE @ | 2ark Brown fine o 12
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@ 7
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n:=g o
#3F %
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E littla fine to med. | 73
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vnvlﬁﬁln
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» 1/00/0”5

Refusal at 60-0"

Date completed 9/5/63

REVISION DATE

DESCRIPTION
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B8.H. H-2

100.0

95.0

Groy Black Clayey
ORGANIC SILT; little
fire to med. Sand

86.0

Gray Black fine to
1med. SAND, some
orgaric silt; brick
fragments

73.0

Yellow Brown Silty
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med. Sand [ittle fir

Gravel

*
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Gray fine to med.
SAND, some Silt, Tr.

med. to fine Gravel;
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SHALE

62-83L 143> @

80.5

Retusal at 37'2"
Date completed 8/12/63
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NOTES -
1. For boring legend ond rnoles
see Plate 4-3
2. Foradditional notes and localions
of borings see Plate 4-&
GRAPHIC SCALE
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27 | 22

1o

®

Gray-Brown fine
SAND and Clayey
SILT, some fine to
medium gravel

Brown Gray Clayey
SILT, some_firne to
medivm SAND,

little fine Gravel

w & /08]0-F
Date Completed 4/17/63

03.5

955

g0.5

80,5
782

Refusal af 420"

. B.H.CT-S

Groy Black ORGANIC
SILT, little fine to
med, Sard; shells

Gray fine to med.
SAND, little Silt,
trace fine Gravel

@

TT ”H*{”””Hﬁ”' vv” IIYI ”Wﬁ”””f‘ﬁ“

o

G rlElzeMirloniviuio

Yellow Brown Claoyey
SILT, & fine fo med.

92

SAND, little fine to
med. Gravel

[Gray fine SAND,
and Clayey SILT,
little fine fo med.
Gravel;  Gobbles

xx 1090~ 7 Pefuysal ot 24-10"
Oate completed 5/7/63.

B.H.CT-3 B.H.CT-4
76,7 1156 _ 15.2
-k T " i PN T
46 [ r 2’°Black fo, r Road =zyvement
S E 2 E /’nancrf‘}‘ep} 2 2 Cnt wron 2
F 3 E i v ‘ 3 £ . e 3
E 2 £ 3"wood P E +
o 3 o Void ynder rood 5 E 5
£ Void under Roadbed f] 8 [ o 6
o 7 o 7
E 8 8- 8
F S 9 9
o 10 10 10
F 1 [ ]
£ 12 i2 2
C 13 i3 [E}
1084 0] s o e o
E— Groy Black Clayey|p | 15 7.3 P lis F 15
F ORGANIC SILT, littte | | 186 g/ffrﬁ/{?ﬁd}?f&;”“ s 0.2 | 3
C fine Sond; Shells {P_| 17 T, litfle fine Sond| 5 117 T 17
E ’ p |18 trace fine Gravel |5 8 g;ggl\fc/a;//z ;/(/Jf(f/ie/ey- e
ok T |19 19 . ’ [IREE
96.1 : 5 20 2 FT) fine Sard; woa?’ T30
E_ | @ Dork Grau fine tolg | 21 T Tz _,___*—® chips 5157
B coarse SAND, somds | 22 NED o — ED
F Silt, little medivm [ |23 RS £ 7 |23
E Gravel 9 |ea 2 |24 %22 [ S 124
E 9 |25 2 | 25° £ - 8 |25
. Gray fine SAND,
89.6 £ ’72 :: 6.7 § ;: E@ some Silt, r‘race’ 160 :?
F Yellow E?:ZZ;‘J‘/;; ;‘7 27 | 28 E B Grag fine 1o med L2128 E fine gravel; shells TRET
E Soarse SAN /,ﬁ’f el 34 [ 29 E SAND, some Sitt |4 |29 F 15129
E lagey Siih, Iifle 150 130 E litHe fine to med, |2 139 F— 15 | 30
* ® fine fo med. Gravel | 45 |31 E G / RENED :E,E@ 8_ |31
846 = 62 | 32 836 £ rave 14 |32 P 12 | 32
E Goltow Brown Clayey |53 £ Yellow Brown Clagey |25 ]33 | E 15 133
E me;/io;GSGnZ little] ‘73 ig - SILT, and fine fo med. EA L] 15 134
% @ fine Gravel ’ 1665 36 —% ® SAND, iftle fine :: :: or# -£ ®lc - :2 ;Z
— Gravel b 22 ray Brown Clay.
79.1 CREM £ 55 137 SILT, some fine Sand) 22| 37
- E C Sripd N
£ Gray Clagey SILT, | #4138 £ 96 38 £ Vlithe fine to medium| 39 | 38
C some fine to rned. AT - 11'3 :g 72 ¢ Gravel __;_39_.%%_
- Sand, little fine fo r E Yellow Brown Clayey
; 66 | 41 107 4t . " % | 41
FH®| rmea. ravel; cossl 55 [42 ) =50 ez BB © | s, irste tine fo S
F 60 | 43 726 £ AKE o ??Edasand; frace betas
F 62 | 44 C o ihe Gravel;
F r Gray Clayey SILT, | 119] 44 o . , 93 | 44
F o a5 E & ﬂ’:/A /ay! S/c Tal A - Cernented at 45'0" 5T as
E *tae little fine to coarse 1 oy
4 Sand, little fine fo 46 ks 46
= ©|. 6047 _%(@ med’srme/; 116 47 69.2 @ A7
g KD E | | comentea araeor UEREL evirotod T Repusal of 4707
ET,' . 224] 50 656 F - [Tlse Date completed 4/16/63.
g5 =6] ol su100/0d - Refusal of 5050"
£ 206] 53 Date completed 4/10/63.
F , 280| 54 | Cored Ahead of Casing
F Bovlder @ 56°6"  [223] 65 with Carbaloid Bif B.H.CT-|I
£ be from 490" to 500" ——
o 57 9.5
- - : SN )
E :: MQ_!O t@ Gray Block Clayey L L
E @ E ORGANIC SILT, little -E——E
- 61 945 - - = fine Sand FRETS
%@ 62 Gray Black Clayey | ’2 E =15
E pes ORGANIC SILT, little Z 2 2 1%
E T fine Sand £12 55 E@ 24t
O F 65 E P 5 TE 4] 8
E Yellow Brown Cla.
»* 66 Y
% su 67 . %C@ P L E SILT, & fine fo med. LA
e TOP OF ROCK 675 85.5 3 7 e 22| 10
- 68 [ , 3 3 SAND, trace med. fo T
- Gray SILTSTONE, ) F Gray fine fo med. |1 %@ fine Gravel TRET
o © soft & seamy 70 F SAND, some Sil?, ‘292 l: F TS
o 4,5,5,6,7, Min [Ft 71 % ® trace med. Gravel T g 450 2
. 72 012 £ 48115
93.7...5 8 F %
- Y 796 E 43|13 20| 16
Bottom of Boring 72-5 ¥ F PSR — - T . H (©) 17
Date completed 3/10/63. £ fﬁ/ 4 Y yd Arans 6 E %2 |18
EE@ ¢ ine fo med SAND, 2076 e Cray Covey STl —4'9
i liftle fine Gravel ESER E - ray < 9ry " 55 T20
Drilled Ahead with o 518 E@ little r;lf;e o med. ETIEIn
Carbaloid Bit i 5 F 78 119 H Sarnd, little fine T3
from 59'6"to 675" %5 e T E Gravel 57173
. E Gray Clayey SILT (18 Z? 6./ E 57 T34
E@) some fine fo rmed s E Gray Clayey SILT, 31755
E Sand, frace fine fo == 22 HE=—{p)| # 177e SAND, little g5 a6
E medivrm Gravel 142] 24 — fine fo/med. Grm;e/;'m' 27
E 157] 25 Partially cementedys7 28
29
- ted at 260" | 881 26 162
658 E@ gmented a 23] 27 245k (Gray IJUDSTONE 195130
t*/ao/oJ Refusal of e7-0* ¥ 100/5" UJBO,,Om of Boring 30-3"

LDote completed 5/6/63.

Date completed 5/9/63.

B.H.CT-5 B.H.CT-6 B.H.CT-7
128 4.1 175.6
(D] 6row Biock fine to 4] L @[ 6roy Black fine sam 2] 2 Wodden Pier 1 }
o mecivm SAND, litte g E some Silt, little fine ;g § - f
o fine grovel-FILL '{ % E to med. Gravel;Cinder: TERETY - ;
F AR F @nd tephal* chise-FILLSE—g E -
. Groy Black fine f - =
% @ r;eodv‘./sANa[fsorl;ef/;e 201 6 EZE— @ Gray fine to medium | 1 6 o 6
- Foo snd. Gravel 161 7 = SAND, sorne Silt, 7 i o 7
104.5 | 418 o littn fine gravel; |11 8 E 9
F Brown fine SAND, |21 9 F wood chips ~FILL }2{-2 E E]
E some fine to coarse 'i 1o L 9 110 o 19
%@ Gravel, little Siff- p22 {11 EE=1®) | Brown fine to coarse [ L 11 £ [
E Fire 242 F=— " | sanD, some sist, 1012 E [}
9.5 3L113 E little ned. to fine 18113 3 13
£ Groy fine SAND, | 20114 E gravel— FILL 10 114 E 14
| some Sitt, little finet 118 E,— 1o | (5 E [E]
E5 1@ | Gravel; wood chips— 1311 18 Es (@ | Brown fine fo € 118 £ !
S AL 3L F— 7 | SAND, some Sity, 1itrigS— LT E 4
94.5 & 2118 E med. fo fine gravel, -2 18 97.6 ¢ -
o Block Clouru ORGANIC '; 19 o Cinders —FILL ] '2 49) r Gray Black Clagey |- ]
£ SILT, little fine Sand ‘8 2? b g = E ORGANIC SILT, litte : 2
H—=O — ine S 7 /)
:’—@ shells [ 2121 »Z ® e EE @ | fime Sand; shelts L
89.5 L. 1123 911 L 10 23 906 E T 123
E Gray fine to med. ‘; g; E Gray Black Cloyey |8 g; o Gray fine SAND & ;’ g‘
— SAND, littte fine 5158 | ORGANIC SILT, some i 36 - SILT, little fine to TR
HE1® | crover, littte clayey| 2 2. E—® | fire Sand; shells |12 @ | med gravel; shells wle
845 = Silt T E and wood chips ENED 876 F 2512
o Ye/llow Brown Clayey gi 29 r fo is o Yellow Brown silty ._.gg | 29 |
r SILT, some fine to 30 — r CLAY, some fine 8 | 30 |
)
BAD| mea. sand, itite [Z13) =l 8 L3¢ TA® | Sona, litte fine tof 2L 2L
o fine to med. Gravel | 2122 62,1 13132 E med. Gravel | 571
£ 2 Gray #ine SAND ¢ |1& 133 E i
F E SILT, little fine to ‘i ;; F -:!2%
= medivm gravel ex E
£ %1k 27 |38 776 C Gray Brownclayey [Tig
T - Yellow Brown Clageu |42 ] 39 E SILT some fine sand 1759
t E - ; 58 | 40 C 11ttle Fina Gravel
- ST come fine to i . Bhale chips
= =1O) % @ | med. Sand, titre 2L ® Sl e oo
- E med. Gravel, shale o543 73.6
E chips 212 wxso0/9) Refusal ot 420"
. E T4l a5 Date completed 5/6/63.
LR . 55 | 46
Fa] © Becoming Cemented|™ 671 % 89| 47
o ot 450" 17148 vE - 119] 48 |
- - Gray fine SAND ¢ 05T 457
634 C L 128148 £ Cloyey SILT,sorme ;:: ;:
m/oo//"—/‘ Refusal at 49~1° P - fine to med. Gravel) 5
Date completed 5/5/63. 6;1 i@ C’emeg/‘edaf s0'0" 52
* % 100/6 -7 Refusal af 520"

NOTES:

7

2. For adclitional rofes and

For boring legend and roles
see Plate #-3

Jocations of borings se€ Plare d-2
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WATER

SUBMITTED:

ARCHITECT - ENGINEER

APPROVAL RECOMMENDED:

REVIEWED:

PROJECT ENGINEER
APPROVAL RECOMMEND!
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RECORD OF SUBSURFACE
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DATE
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SCALE ~ | spEC. NO.
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PLATE 4-9



LEGEND FOR GRAPHIC LOGS

FD-1 FD-1-A FD-2 FD-3 . ,
2NOV. 1970 29 JAN.19TI 6 NOV.1970 15 NOV. us-;o 2 :-o?/ 70 Foo/;dm‘{on 7'esrf Boring
o — EL. 98.6 EL.98.6 ELN4.T Croshed stane (FILL) . ) -EL. 19 _-_Brtuminovs Concrete y —_— 0 ELI23.8 Dm‘c}fxp/o;m‘/aﬂ :ompj:/m( )
& 25 B sitt ravelly SAND -w, E/evation of ground surface adurimng
; No Recovery Core - drillec w/ 4x 52" 2k 6P| Black, silty, sandy GRAVEL w/ brick, 22 o :} éy ol t time of exploratron.
5.0 - s consisred 22 P . : 18| | trace wood & pes. asphallt O == Depth of water af time of exploration
20 Gravel barrel. Recoveries Consisted 17 ’ . 7. = epth of water at 7/ of exp
5 |- 5012 Brick {Fldl..l.) of Boulders, Brick , Conrele, L6|gM| concrete, coal cindews(FILL) 5——'——;—5 P - 5 : — Subsurface water Jevel in boring @t
lg Legther & Shells. 62— g - g sM| Brown, silty, gravelly SAND w/ : ] dime. ot exphoration
80 i1ty, sarndy GRAVE 3 4 trace wood. Group Jetter symbol according Yo
10— .g °P B}aCk’ ° /by,” ﬂaﬂ .yk :Ao /L '?, g Park gray, organicysilty CLAY w/ 10 3 - — 10 SM Uni fred 3o0// C/oss/f/éa*/mcﬁ ysfem./
3M| wpes. She rie ! z J » i Mo Recovery or. umsatishactory sor/s
_&| | odor, pes :vood (Fret) ° wood fragments 4 trace sand. 2|54 Brown, gravelly SAND (FILL) NR e’ G cemvered id
s . 2 .
8 3 3 Mot Sampled, pole advanced by
- 144—s 14.6 2 15 — 15 NS Core- drilling, blasting and /or wash
15 2 Black, orgarzic, silty CLAY . , X 15.0~2loH X » A @ boring rda; '9*0 o,oel‘az/bﬂa/ difficulty
20| Wy e hood R ot sgor || Sunestied sametng, 0 &Y oark grow organie, sondy sty CLAY S| | o pecovers T T e B
. TR, ’ 175— 8 - w/ vegetfati ampling in overbor
180 (Ml Black, 374 Sands GRAVEL, O 0dor. CLAY w/ Shells. 3| | Dark orey orgenig 2o Slcp : 2 ce Core- dred metnod.
20 +— 10 Black fo gray, orgarnic, s!/ty, . | _sa/ Z = — Ro - -
2lsm 15””45 CLAY W/sthells, orf 0dor 7] M| Block, SiTry, Sancly GRAVEL, oo 2 Dork grag, orqanic, fine, s andy, iy 19 _ Brows per foof a‘,;peﬂt/ra/iaﬂ
B SRS oS e Sy s loc ey 5o areg- Brownsancs ||| GLAY Wianele, wood Fregs, Frocegravel HIN G atidaicd 25 R et o of cbout 30-om @ 15" LD,
26 — 3% :S ]g/\uo vf«/,gg'g,awo 5 ,.sr:e‘;/s,g’ﬂodo%’ %’GM silty, Clayeg GRAVEL (Til) 250 : . 25 f’; Crai, aravelly SAND amnd — 25 and 2°0.0. 02210, ond 21" 0.0, Size S-foot
25 TR Rerysal, 100 Blows, No ' 3 Dark brownish gray, org on/c'; 9;?"”9 4 272 E/a;féfs;]{y SAND wleinders,. frace arave] Solid sample spoon equipped with o beyeled
. _ng Ponetrotion. 274 g 3i/ty SAND wishells ¢ vegetar/on. 7 and pos. wood (L) and shorpened drive shoe.
54 ' 14 : \ g ' o . 3 * Blow counts rmof recorded or ot
50 33 oi 02 SC| Dark gray é gray brow?r, g rav: 16 30 8lsP o. . consicdered represeniofive.
elly, clayey SAND w/occasion 33 a8 Dark grey, gravelly SAND wftraces. coa/
100 A \ - 2 A )
132 al pe. large grave! (7/LL) 44 Gray, organic, gravelly, silty SAND w/ s g 4 silt s
35 |— 181 . 234 i5M . ., :
36.0 425 Density 196.3 LCF :2 shells, trace gravel, organic odor. l(_), Black, organic SILTw/shells, Fibers, oil ‘ |z Percent of rock cort mcwyy/ I/S}gﬁ
s y : douhble Fuvbe core barrels recover
2—3 Gray § gray browr, Silty, ! g 395 —é ¢ organic odor. /%U or 24 inch diameter cores,
4o 4zcL . —L7 = 210  Black, organic SILT wiskelis, fibers, ofly 40
' 22 sandy, gravelly CLAY (TILL) 408—21 5 cinders and organic odbr
46 .
269 108 L . é ! hall inders. L
4 :iz Core-arilfed Cobblesq 71iL, fec.08’ 202 Gray-brown, gravelly, sondy, silty s 10 Black, organic SILT w/shells ¢ ¢ s
5 g
70 . . > ,
145 118 cLAY (TiLeL) Grey, organic, silty SAND w/she//
—2-?’~9~c‘_ Gray brown, sandy, gravelly. . 0345 j SM| fragii L ecasional pe. oravel 5
51 48.054 L o : _ : . o
50— 2 ?g cLAy (1Lt 110 49 3 9|GM| Dark gray,silty, sandy GRAVEL. 50 -
z :
& 51.5929 foc. 06" ToeloL PO0TZB| | e brown o arey, sty sondty < @N fes see Plate 4-2
u > -y, LL .06 41 . 5 T or Notes see e 4~
525 \Core-drilled COBELE & T/LL, ) / cobbie. z
* 55 gg ‘l' igo ‘1Ew0085$ ’_E‘; (Fgag/é?;ﬂr‘s) : ©8 Gray, gravelly, sandy; $/{1y 55 5;{ oM| GRAVEL .W/OCCQS/OnO c@ 55 %
z — e 5.01 80 T . - - .
203 oo NG CLAYTILL). L Ee ‘
£ — ' | jbes ' 3o Gray brown sandy CLAY (TILL)
u 690 ARGILLITE, L/Ight 9ray, SoFs gz 5 so Lol o
to moderately har a; soff 6a. &9 ‘2;; " | Gray brawn, gravelly, sandy C'L(AY w/
741 - 620222 113 occasional pc. large gravel (TILL)
a@ecormposed zgonres Core- e saied ik . P .
B — — s34 tfo 574 ¢ 160|sC T Gray, gravelly,clayey SAND 65 e Sample — 5
’ . 229 ore -~ . (rree). - | Core-arilled COBBLE, GRAVEL &T/ILL
941 700" Yo 72.6'. 67.0 %pﬂ/ieé Rec. 0.2 g 67.8
0415 ML, Grey, sandy A B
68.05 sh-greg, 9ravelly, silrg SAND, 3
70 —— L core-arilted 'with BX £AX ‘a1” 68,5209/ g:,z,‘f/g,fi/z gravery, siity ) 93|6C| Gray-brown sandy, clayey GRAVEL (7 /LL) 10
Wy Serves bits. o’Aa’x H,‘ﬁ"” ‘/’01/'%7; 799 —sC-sM Gray, silty,clayey M-F_.SAND. 71 —ng o LAY
Casing «se€ duve Fo cav. A 3 b . ») avelly CL
726 No '/ogs oFf drill water 75 CL Gray, sandy CLAY (rieL). g g CLi Gray-brown, sar !/; grave. 9
-Dril thered ROCK. 746- )1 - i
e 750 Core Orilled, Wrathere & e T N weatheres coBBLE 7
o T ; P
. ] drilled- VEL #TILL
6T ALGULITE, hrbtriay, || Soredritled; CRAVEL ¢ » ,
{ I SI7 T Cr 7 77 817, . R REVISION DATE '
eor— 007 ve z;’ J’% S Zoncs peghered 1983 WeaFhersd ROCK &0 il - >
o Hro rm_;.r/:fvﬂc o/;' (/'r'f 80.245, CHARLES A. MAGUIRE DEPARTMENT OF THE ARMY
C;;! 7 frEgrranlS up e 63/;1 AND ASSOCIATES INC. NEW ENGLAND DIVISION, CORPS OF ENGINEERS
o5 1004 — ACGILLITE, lghl proy, las WALTHAM , MASSACHUSETTS WALTHAM MASSACHUSETTS
. 77 IHESI Ve fp’ STl sy sr7 DEs. BY | DR, BY I K. BY
. 17 aor? Zec. very '/;/ SUBM’"J WATER RESOURCES DEVELOPMENT PROJECT
1002 wo ;‘z;-:;‘z";’% 37 : CHARLES RIVER LOCKS AND DAM
— g s . ARCHITECT _—~ ENGINEER .
20 |— — 20 [APPROVAL RECOMWENDED: | RECORD OF SUBSURFACE
00 i ——— EXPLORATIONS NO. 8
: - ——roeermaneer | CHARLES RIVER BASIN MASSACHUSETTS
on — 9.5 . EL 18,9% ., . /JJ — 93 1l aPPROVAL RECOMMENDED: APPROVED DATE
e ’ - SCALE IN FEET EHIEF " PROJECT __ BRANGH. CHIEF _ENGINEERTNG DIVISON
, ) . SCALE: =5 | SPEC. NO.
‘,‘.., L — L 10 DRAWING. NUMBER
SHEET

PLATE 4-10



IN FEET

DEPTH

FD-4 FD-5 FD-6 FD-7 FD-8

8 NOV. 1970 9 NOV. 1970 29 NOV.1970 9 NOV.I970 6 NOV. 1970
.92. EL.83.0
sy BLESTONES S 7 SANBITERT wwaed F EL.944 62280 11 Black, silty, sandy GRAVEL w/spel/s, -8 —o0
rags. ? 7 4 A
1.2 8 @ 1.0 & —L[ Black, siiry g ‘;ﬁos fm%qss. gloH Black, organic SILT V;/ iﬁ;’é‘:’ zg::rs 05—3% ;"’;’/ Black, Fine, sandy, organic SILT
4 12|sp . - 27 o0/s (O H
. . s 3.3 - 7 /!
9|SHM Black, gravelly, 5'./"5 SAND w/brick, 14|5M| Grey; silty SAND w/trace gravel. \51SM| Black to grey, organic, silty SAND w/shet/s. 23 sc Grey-brown, gravelly, silty, clayey sy ] w/oil. s
Py concrete, coal, cinders. (F’LLJ g'g_/-4.a ] Brown, sitty, gravelly SANO. 20 No 31 SAND(TILL), 1n plugs. 22 -
6.5 4 R -Y- SP-SM 17 112 G 6
- 7 a8lsc 24 277 192
Ig sc ’i _l, SM| Brown, gravelly, silty, clayey SAND (7iee). —ig_ Recovery . No Sample No Sample Grag, gravel /:g sandy 0
, 10.0 0.0— A velly, —
B 1 1ty, cla SANC 50 51 ‘ 63
2:; SM o ?}fiiaﬁf.' ,%f) S .‘:?é Brown, gravelly, clayey SAND (TILL) w) 1.0 3] \ ;% cL| Grey-brown, gf;are//_t/j saﬂd_/q CLAY 1756t CLAY w/cobbles (TILL),
: 0 g 6zloL . No Samire (TILL), in plugs. ; ,
142 22 ‘\§\\ SC\ occasional cobbles. 100 s Grey - brown, gravelly 1357 55l5¢ No Semple 2 10 plug No Samplk in plogs.
c_33] [ dy, cl GRAVEL w/wood frags. RN 310 o Sample ) ‘ N
30 GC| O sanay, clasey g{ggn/c rof?.;r.el 157 Q\“) 7zlcL sandy CLAY (TILL), Core-drilled , 1%
l6.2 75 _ éﬁ P 06 No Sermple- : CL| Core-dritled
; M ity SAND (TILL 118 in plugs. 47 Rec. 0.4
éz SM Grey, gravelly, silty SAND. o N SM| Grey brown, gravelly, silty . 1soloL § pug ) (s)g SC| Grey-brown, gravelly, clayey SAND
23 R 20,0173 2 - X — 20
e | Core-drilled, "COBBLE 7, 9.5 Fec. 49 21 No Sample fv‘;’??}?/g@/e/iyd (TILL), in plugs. Core-arilled
205”7 ¢ 101 43 Grey-brown, sand) cL| @ec o7’

88 128 Grey-browr, gravelly, 110 4 ’ G 10850 - . Gray, gravelly, sandy
144 esal | ' eor Fore e clayey GRAVEL (T/tL); 22 W F X CLAY w/cobbles (T1LL)

27 Core-drilled, & CLAY (T/LL Core-arille o Recovery 22 | - w/co es . — 2
E2T16C| Brown, sandy, clayey GRAVEL (TILL). soC NG G s erdy (T1e) ] N e 2 in plugs. 25.0 1 5
145 89 270354 No Recovery i 270118 EL.B6.0
&5—31 e ’ 502‘—_’“2/';{'//3‘/ Grey-brown, silty, sandy GRAVEL
263 263 135 =

30,0248 EL. g4.0% 500387 158 T P GM ) —1 35 E
. g — Co;g»?ada fed Grey, sandy, c/ayey with cobbles (TILL) u
295 GRAVEL (TILL) 235 2
509 Core-dy,/led 4 281 x
Ve ; G -6 cLAY trace o
| e no in plugs. sq4.0l20let rfy rown w/trace sar P, E
o
Core-dritted
Lgec. d.5° } — 40
41.0 57 .
300
sc 23292?»;///94 Grey, gravelly, clayey — 45
Ba e SAM TIL L
48.0 Core-drilled, Rec. o,';" e ( ) :
ﬂ% ‘Weathered ROCK” : — 50
51.4
507
— 55
00} ALE/LLITE, lighl groy,
red. hd Fo §of‘z' Z'o/e
gec. brokerr o cleava gz
— w2 fragmenls wp To /77 | — 6O
Yery 5o f 1 Foldrasrd s NOTES:
98] Zores 2-77"° ——==
For Notes see Plate 4-2
1007
72.0
| "REVISION | DATE GESCRIPTION BY
CHARLES A. MAGUIRE DEPARTMENT OF THE ARMY
AND ASSOCIATES INC. NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS WALTHAM MASSACHUSETTS
e WATER RESOURCES DEVELOPMENT PROJECT
SeeTE CHARLES RIVER LOCKS AND DAM
ARCHITECT - ENGINEER
‘APPROVAL RECOMMENDED: RECORD OF SUBSURFACE
EXPLORATIONS NO. 9
REVIEWED:
—orerevawess | CHARLES  RIVER BASIN MASSACHUSETTS
APPROVAL RECOMMENDED! APPROVED DATE
SCALE iN FEET >
e — CHIEF PROJECT. BRANCH
, =5' SPEC. NO.
. 0 5 10 DRAWING NUMBER
Y~ . ]
SHEET

PLATE 4-l1



DEPTH IN FEET .

20

25

30

35

40

FD-9 FD-10 FD-11 FD-12
18 NOV-1970 10 NOV. 1970 16 NOV. 1970 18 NOV.1970
EL.96.5 EL.91.9 {M.D.C. BASE) EL.95.6 { M.D.C. BASE ) EL. 92.8
wt o Black, sand ravelly, organic whor | wt of [ | ]
720/s 1OH| SILT w/oi 4 % org a0 /; o Black, organic SILT, Too/s H Black, fine, sandy, organic SILT w/ 9 No &
e] o . 3 ‘o Recover
8 —5 Froce shells, Fibers. { 4
13 s ] Black, orgarnic SILT w/trace sand ¢ 5.0 5.0
10 e pieces wood. 6.0- No Sample ] . I
40 Browr, ravelly, clayey SAND 10 70 OL| Black, sandy, organic SILT w/trace gﬁe//sZ gra- 4 Grey, silty SAND w/trace gravel &
56 w/cobblis. 32|cs| Grey brown, gravelly, sandy CLAY S|sm /fernaf'mg{;ones oF grey-brown, vel. 5|sM hetl £ ~
82 276 (TILL), in plugs. o5 53 CL| gravelly, silty SAND fdarkyreg,sanajy lg Snell tragmenis,
w0125 10 y 10047 g [LOM Brown, gravelly, silty SAND. 10.0—~
1oei6C No Sarple [} Gray-brown, gravelly, clayey, /1t SA ND tl
12 Y EL 'y s 9 Slay, g 9 7
147 Brown, sandy, clagey 22 j2oltto [ (TICLT, in plugs. 10 j;rs/c‘/!’l S, /e,?gaarery
Core-drilled i ! &3 ) Core ~drilled, No Rec. 58, For Elass freation.
o Rec. GRAVEL. 133 : 15.0rsalEr 150
56 16433 Grey-brown, gravelly, clayey SAND I5.8 Gray-brown w/ired mineral s;‘wﬂ, 9rave// A “+ Grey, sility, medium fo fine SAND w/
188 sc 21|sc (TILL), in plugs lsaray CLAYTILL), in plugs les— 5 SMlshells, trace gravel, organics.
32 4 . 32 { 20 .
ARy Grey, gravelly, silty, 43 ze Core —drilled 0.4’ Rec. 150 69 Grey~bfown, gravelly, silty SAND, in plugs.
- Core-arilfed ’ ; 78 6! No Recovery 20.0-B 7N Grey, si/iy, sandy GRAVEL.
ore-arifléd, clayey SAND(TILL). 21287 21.0—2ZL 24 ,
No Rec. . Grey-brown, sandy CLAY (TILL) w/
-1z 32 G //, o LT. (77t 22 cL (TILL), in pl ze - ’ i
~&51sC 32 rey, gravelly, sandy S/ 7e ll 2 Gray, sandy, gravelly CLAY(TILL), in plugs. 54 Frace gravel, in pligs
123 35 73 '’ 4
Ca//'s—az-/'//ed Grey, gravelly, clayey g ; 2;’2 L} " No Lecovery. 25.04 Z?I' cL
o Rec. 26 4 ] 7
ZTolsc e SAND (TiLL) g2 27 No Sampls coo 53(SC| Grey, gravelly clayey SA NO(TILL), in plugs. . ¥ Grey, sandy, gravelly CLAY. (77tL)
~ n . 28,0
Vo Rec. | w/cobbles. =T Core-drilled, 0.3 Ree. 52 25/
68/sc / 284575 P : / AND. 65 —£3/1SC| Grey, gravelly, clayey SAND. (774¢)
7 150 ray, gravelly, silty, clayey S 2 82 79/ 4 ’ !
£ ¢l Grey, sandy, clayey GRAVEL °! Core-drilled Mo Rec. Loz shoTze/
500/ [eL. 64.4 33 40 No Recovery
322
34899 Gray, 9’0"//9, clayey, silty %7_‘,/‘;0”(;5”— L), 250 Core-drilled, .7° Rec.
reglse
377 x

Refusal 100 Blows, No Feyelsalear

SCALE IN FEET

.5 [ 5 10'
R = ]

20

25

S0

25

40

DEPTH IN FEET

NOTES:

For Notes see Plate 4-2
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ELEVATIONS BASED ON M.D.C. DATUM

130

120

Ho

100

90

80

70

50

40

cT-1 cr-2  CT-3 cr-4 £D-2 M: 12;32{, . £-3,39'L E-4 06 e D-7,62'L 0-8 FD-1A,2'L #D:3
CHARLESTOWN 40'L 63'L le 45‘IL RT. }/(E h F-3,7'R 15 25} L 5L ' H 4?'— IjFD-l.S'L 32|" BOSTON 130
& = P é) 4@) = @5 = é = ‘ ‘ A ] %
¢ PIER (Tvchué é é (&) é @ EXISTS:& m\é:_emon : T~ (\—FLNIiHED GRADE 20

EXISTING GROUND SURFACE

FINISHED GRADE“}’— ““““““““““““““““““““ -,__:’—::l ¢ ¢ ¢
—

S e
MEDIUM DENSE BROWN SILT
GRAVELLY SAND FILL M/ DESIGN HIGH WATE ‘
LOOSE BROWN AND DAR . TIMBER PILES .
GRAY SILTY GRAVELLY i : 1
SAND AND CINDER FILL EXISTING DILAPIDATED PUMPING STATION LARGE SMALL SMALL
EXISTING RIVER WARREN AVENUE BRIDGE BOAT BOAT BOAT
SOTTOM SUPPORTED ON TIMBER PILES FISH LogK o RO
LADDER </ _DESIGN LOW _WATER EL. 100 \j\ |
Lo [ER EL. 100 | [
A VERY SOFT BLACK AND DARK GRAY I e e |
T CLAYEY OR SANDY ORGANIC SILT
= ORGANIC SILT —
EXCAVATION R
LINE: - . - F\'\
LOOSE TO MEDIUM DENSE ]

GRAY SILTY_SAND WITH
OCCASIONAL SHELLS & COBBLES

BOTTOM OF CONCRETE

STRUCTURE |
) It

1

DENSE TO VERY DENSE

GRAVELLY CLAYEY SAND OR SILT

AND SANDY GRAVELLY CLAY WITH
OCCASIONAL COBBLES AND BOULDERS -~ TILL

CAMBRIDGE ARGILLITE BEDROCK

EXCAVATION LINE

EllSTING GROUND SURFACE

MEDIUM DENSE BROWN SILTY
GRAVELLY SAND - FILL

110
100
LLOOSE BROWN AND DARK GRAY
SILTY GRAVELLY SAND - FILL =
p=]
4
| o &
53
a
=
Z
80 P
o
uj
(2]
<<
m
70
(2}
4
S
=
B
>
60 w
-
w

50

40

30

ELEVATIONS BASED ON M.D.C. DATUM

45 46 a7 48 49 50 51

GENERALIZED SOIL PROFILE ALONG BASELINE OF VEHICULAR VIADUCT
(LOOKING DOWNSTREAM)

A-4 B-5 c-5 D-5 F-5,46'RT. G-6 H-5 1-6 J-7
17'RT. st 7RT. I7T'RT. FD-7 F-6,28'L 50'L T3RT. 12RT. agL
47'RT: !
: , L ) l L |
i 2 3 4 5 6 7 8
OF VEHICULAR VIADUCT
100 LARGE BOAT LOCK AR . 100
BAY SIDE BASIN SIDE
—TTTTT D
DHW EL.100 /,—\——\
% DLW EL.113 BASIN LEVEL = EL.108.0 %0
\ EXISTING RIVER BOTTOM /———”"H/ EXISTING RIVER BOTTOM
VERY SOFT BLACK.AND DARK GRAY CLAYEY, i
80 OR SANDY ORGANIC SILT BOTTOM OF CONCRETE 80
- ] STRUCTURE~
\EXCAVATION LINE

70 DENSE TO VERY DENSE GRAVELLY 0

CLAYEY SAND OR_SILT AND

SANDY GRAVELLY CLAY WITH LOOSE TO MEDIUM DENSE

OCCASIONAL COBBLES AND BOULDERS - TILL GRAY SILTY SAND

. s WITH OCCASIONAL -
60 2 ?
" T R SHELLS AND COBBLES
X / q
N 2 /
50 50
CAMBRIDGE ARGILLITE BEDROCK
40 40
30 . : . . - . . . 30
0 1 2 3 4 5 6 7 8

GENERALIZED SOIL PROFILE ALONG CENTERLINE OF LARGE LOCK
(LOOKING SOUTH)

ELEVATIONS BASED ON M.D.C. DATUM

53

54 55
M.H.W.
k)
<+ MS.L. USC.&G.S.
0| 9 Et W
ol o @ M.LW.
38l 8 S-EL0.00 BOSTON CITY BASE
8 M.D.C.BASE
DATUM RELATIONSHIP
SCALE IN FEET
[¢] 10 20 30 40 50
VERT| ]
0 40 80 120 160 200
WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

GENERALIZED SOIL PROFILES

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION

CORPS OF ENGINEERS WALTHAM, MASS.
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. PER CENT FINER BY WEIGHT

PLASTICITY INDEX, PERCENT

4 INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

6 4 4 6 8101416 20 30 40 S50 70 W00 140 200
100 T TTI7T 7T 17 T T T N o
: K
%0 X,
‘\
N
80
. e | T84, | A~ RANGE
70 N ~~~~~\\ Q‘LL[
70 <1 q - 7 g
TSR NN &, [N £
60 -
mhbk\'\ <‘\.,' q L, z
UL L [0 ~ g
50 N1 T TR N ~ K g
o RANGE—T1| [ R NG N N o
T Y ~1 ~ z
5%})\8\‘/ Nl - M ]
30 NS TS NS £
N . LN N
75 = N N\
20 7’ n b \\ -
72, N NN
7 < <~
10 77 == Sq
L ooy
0 ) 53 'T”T'Tn'm-
500 100 5 CRAI SIE L SirERS 0.1 003 0.01 0,003
SAND
L COB8LES T consst | prrrrre T proen J[ . SAY OR ClAY
GRADATION CURVES
50
CH
40 // //
30
4 <
A
\Z \
N [y
37 cL
/ OH
20 MH
e ® /
o b /
®
10 /
CL- ML / ML
Y 30 40 50 60 70

LIQUID LIMIT, PERCENT

PLASTICITY CHART

30

25

— n
o Q

NATURAL WATER CONTENT, PERCENT
e

A

5 10 15 20 25 30 35 40
PLASTIC LIMIT, PERCENT

PLASTIC LIMIT VS. NATURAL WATER CONTENT

WATER RESQURCES DEVELOPMENT PROJECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

SELECTED TEST DATA
TILL

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION

CORPS OF ENGINEERS WALTHAM, MASS.
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N o1 P“‘O“
pUMPm \
)\ CHARLES -
2 RIVER ' \
= BASIN \ oue

PROPOSED

FINAL
CONTOURS
o
[~
(=
)
~
M\ 498,600
CENTRAL
ARTERY
PIERS
LEGEND
o LOCATION OF BORINGS MADE IN 1963,
@ LOCATION OF BORINGS MADE BY
CORPS GF ENGINEERS IN 1970.
— — — — EXISTING GROUND CONTOURS
FINAL GRADE CONTOURS
————  TEMPORARY CONSTRUCTION STAGE I CONTOURS
P
tp , LOCATICN OF SECTION P-P
@ SOIL IDENTIFICATION NUMBER o

SCALE FOR PLAN ONLY

40

80

120

|

—

—jj} BAYSIDE

- TEMPORARY |
STAGE 1 \
GCONTOURS

Sz @rp-3 } &s-o
T VIADUCT
! EMBANKMENT ; BAYSIDE
PROPOSED H i Vpaoposeo
WALL \ OMPACT ED GRAVEL FILL / WALL e
° ¢ 0 ELl DESIGN HIGH WATER
.',/f;! EL.113.0 EL. 100
\ i 3 == | (M.D.C. DATUM)
I o DESIGN LOW WATER TYPICAL
EXISTING SAND FILL : ELIOO g

(@ ORGANIC SILT

EXISTING Dy
GROUND

SURFACE LIMIT OF PROPOSED
EMBANKMENT

f=~——EXISTING
CONTOURS

SILTY SAND f
-« L 20TTOM OF BORING R L f
(TYPICAL) @
BEDROCK
SECTION M-M
(EXISTING BAYSIDE SLOPE AND EMBANKMENT - BOSTON SHORE)

?D-ll ) ?D—IO &5 Dy ip <~ D:
13 CHARLES
e {

NTS: FINISHED GRADE . ; STAGE I BYPASS CHANNEL RIVER
i o e e EL.II& DESIGN HIGH WATER
~ ZEL.113.0 SMALL LOCK
~_ EXISTING GROUND SURFACE ™= -
. PROPO ~£ DESIGN LOW WATER i
SED ! ~~— EL.100.0 |
(2 EXISTING SAND FILL TEMPORARY e y EL. 100,
N ~ e ol
SLOPE ~ y
Y EXISTING CHANNEL,
S~
~ i EL. 80.0
@ ORGANIC SILT SILTY SAND ¢ (BOTTOM OF
TEMPORARY
F=(&) SILTY SAND @TILL BYPASS CHANNEL)
T
x = =
SECTION N-N
( TEMPORARY BYPASS CHANNEL SLOPE- BOSTON SHORE)
G,PS H-8 I-6 GG‘s
! (55' BEHIND) I_ceo' FRONT) 1
| L 14 J
EXISTING RAILROAD SIDINGS DESIGN HIGH WATER NT.S.
+ ~ EL.113.0 .
CHARLES RIVER
PROPOSED SLOPE RN
(@) EXISTING SAND FILL: = /— 7 DESIGN LOW WATER EL.100.0 =
~ et
' EXISTING GROUND SUREACE
@ ORGANIC sn.T——( -/ v
\\,*____‘____‘___ — s o
® sty ’5AND—<
/ =
@ Tk i
: SECTION P-P
NOTES! ( BASIN SIDE SLOPE — BOSTON SHORE )

L. Design Soil Properties are shown on PLATE 4-17
2.Sections 7-7 and 8-8 are shown on PLATE 4-2!
3. Sections 9-9 and I13~13 are shown on PLATE 4-22

SCALE FOR SECTIONS ONLY
o] 20 40 60

™ " ™

WATER RESOURCES DEVELOPMENT PROJVECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

TYPICAL EMBANKMENT AND SLOPE
PLAN AND SECTIONS

DEPARTMENTYT OF THE ARMY
NEW ENGLAND DIVISION -

CORPS OF ENGINEERS WALTHAM, MASS.
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CHARLESTOWN

3 \EXCA;;
BT

100

CHARLES
RIVER
BASIN
2
“A
2
2
b4
3
2
LEGEND
& LOCATION OF BORING MADE IN 1963
® LCCATION OF BORING MADE BY CORPS
OF ENGINEERS IN 1970

EXISTING GROUND CONTOURS

FINAL GRADE CONTQURS

TEMPORARY CONSTRUCTION STAGE I CONTQURS

eﬁ 9R
LGCATION OF SECTION R-R

@ SCIL IDENTIFICATION NUMBER

APPROX. TOP OF
EXCAVATED SLOPE

% ELEVATIONS FOR EXTENT OF EXCAVATION
ARE APPROXIMATE ONLY AND WILL BE
ADJUSTED DURING CONSTRUCTION TO

ENSURE COMPLETE REMOVAL OF ORGANIC
SILT

EXISTING
GRANITE

CHARLESTOWN BRIDGE
WALL

3

¥
®ro-a ‘5’;’
; E
/ A
Q,
2

P EXCARATE |
70 ELfo5-% |

R \
/,3’\\1,/\\ .

EXISTING
GRANITE
' ABUT.

/
PROPY

SED

1

8 EXGRVATE G o1 , "\
L _IT= j &~ ) ToEL. 85 g N 55— /
A —= LR < :
o L& o \
66— \\\i

—— 96
FISHWAY - FISH LOCK
€ SLU!CE§/

I S~ g94—"

PUMPING STAT,
a—__

\\
AN
AN

\ VIADUCT AN
B N

PLAN

SCALE FOR PLAN ONLY

o 40 80 120

J BaYySsIDE

130
L 1’ 1
@®ro-2 I I
&a- - S & o-1
FINISHED GRADE
STAGE T SLOPE EXISTING DILAPIDATED TIMBER WALL
(TEMPORARY) EL. 11D [EXISTING DILAPIDATED TIMBER PLATFORM
R L—
EXISTING GROUND ==
® 2 -§ SURFAGE = \_besiGN HIGH WATER EL.113.0
1 a— ER EL. 100.0
EXISTING SAND FILL \\_EZ[_—_D_E_SEE LOW WAT
s ORGANIC SILT j—STAGE I EXCAVATION LIMIT
@ ORGANIC SILT ‘

TEMPORARY EXCAVATION SLOPE - CHARLESTOWN SHORE - SECTION R-R

@ TiLL

NOTES:

I. DESIGN SO0IL. PROPERTIES ARE SHOWN ON PLATE 4-17

2. SECTIONS 3-3 IS SHOWN ON PLATE 4-21
3.5ECTION 10-10 15 SHOWN ON PLATE 4.22

CIRCLE D-&

CIRCLE D-4
@ BEXISTING SAND FILL

:DESIGN HIGH WATER EL. li3.0

DESIGN LOW WATER EL. I00.0

@ ORGANIC SILT )

i
SILTY SAND &
CIRCLE D-5
(CRITICAL)

TEMPORARY EXCAVATION SLOPE AT LOW TIDE

@TKLL.

- CHARLESTOWN SHORE - SECTION R-R

iSCALE FOR SECTIONS ONLY
TOP OF EAST WALL o | 20 40 50
TOP OF WEST WALL EL.124.5 ™ ™ d
KEL,ua,s \—‘FlleHED GRADE EL.II9.O
FINISHED GRADE FINISHED GRADE ELEV. VARIES
EL. VARIES /%\COMPACTED GRAVEL FILL h /~DESIGN HIGH WATER EL 130
BASIN EL. 10807 ELII40(TYR) C

= . -l oz,

APPROX. EXISTING GROUND=--——"1"

STEEL SHEET PILING
CUT-OFF EL.880 v

STEEL SHEET PILING
TO BE REMOVED AFTER

PLACING THE FILL
e EL 870 TO EL. 105.0
EL. 70.0 Y u
LTREMIE CONCRETE

o 20 40
-
o -

ZAPPROX. TOP OF TILL
£ EXCAVATION LINE

SECTION Q-Q

SCALE FOR SECTION ONLY

COMPACTED GRAVEL FILL

DESIGN LOW WATER EL. 105
Q

DUMPED GRAVEL FILL

AL —STEEL SHEET PILING
\ CUT-OFF EL.9LO

EL.90.0

WATER RESOURCES -DEVELOPMENT PROJECT
CHARLES RIVER LOCKS AND DAM

CHARLES RIVER BASIN MASSACHUSETTS

TYPICAL EXCAVATION SLOPE ~CHARLESTOWN SHORE
TREMIE CONCRETE PLAN AND SECTIONS

DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION
CORPS OF ENGINEERS

WALTHAM, MASS.
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o <l
fa &

[
[

A
CIRCLE A-2 ~CIRCLE A-G

EXISTING SAND FILL CIRCLE A-5

\ CIRCLE A-4

- CIRCLE A3

ORGANIC SILT ® } N @\%%'&4 ®

(8) SILTY SAND At

BOSTON EMBANKMENT ~LOW TIDE ANALYSIS—-SECTION M-M
(BAYSIDE)

/Q\AA—Z
/Q\AA_»S
/O\M" /XAA-A
/wﬂ

PROPOSED _EMBANUMENT:

o y<v

CIRCLE AA-2Z

! _— CIRCLE AA-4
CIRCLE AA-L (CRITICA

CIRCLEAA-3

PROPOSED SLOPE

v /\eL00.0

EXISTING SAND Fill— @ CIRCLE AAS

L

;oae;m!c sv_? ® N ® \_%

ﬁ\ (8) SILTY SAND
TILL @

BOSTON EMBANKMENT -RAPID DRAWDOWN ANALYSIS FROM HIGH TIDE - SECTION M-M
(BAYSIDE)

NOTES:

I. ADDITIONAL INFORMATION AND LOCATIONS OF SECTIONS
ARE SHOWN ON PLATES 4-15, 4-16, 4-18, 4-19 AND 4-20

2. LOCATION OF SECTION M-N IS SHOWN ON PLATE 4-1I5

A-
/Eo\E EA-4
® TN
EXISTING GROUND SURFACE
CIRCLE EAT
EXISTING CIRCLE EA- CIRCLE EA
SAND FILL @) EL.100.0~ \v

- =
\&IRCLE EA-4
EA-3
| EA2
ORGANIC SILT &\ %

ﬁ—\lsxuv SAND EA-5
TILL

@

EXISTING SLOPE-LOW TIDE ANALYSIS-SECTION M-M
(BOSTON SHORE - BAYSIDE)

DESIGN VALUES

UNIT WEIGHT IN POUNDS PER CUBIC FOOT SHEAR STRENGTH
SOIL NO. MATERIAL 5-CONDITION [ Q-CONDITION]R - CONDITION
MOIST | SATURATED | SUBMERGED [ ¥ I _ “‘"T""lns‘c u':zslf""fs"’| LI ——
COMPACTED AND DUMPED
I GRAVEL FILLS 135 135 71 35 | o |35 | o |3 | o
2 |EXISTING SAND FILL 1o ) 476 33 |0 |33 [0 |3 | o0
3 |ORGANIC SILT 95 95 326 36 | 0 -~ Jois |14 o0
2 |ORGANIC SILT 95 95 326 36 | o0 ~ [o30 [ 4 |olo
5 |ORGANIC SILT 95 95 32.6 36 | o -~ [oa0| @ | o010
6 |ORGANIC SILT 95 95 "32.6 36 | 0 - |os0] 14 [olo
7 |TiLC - — - - E - - |- -
8 |SILTY SAND 110 110 476 33 | 0 [33 | o0 |33 0
/\EAA'Z
/L\EAA-S
/0\5’\"" /‘\EAA-4
/C\EAA'S
EXISTING GROUND SURFACE
- EL.U3O gr\ \ - \ -
CIRCLE EAR-l
EXISTING CIRCLE EAR'S _EL. 100.0
SAND FiLL

SUMMARY OF STABILITY ANALYSIS .
COMPUTED
CONDITION ANALYZED PORE IRESSWRE | ‘aRc FACTOR
OF SAFETY
. TEMPORARY EXCAVATION SLOPES
(1YBYPASS CHANNEL SLOPE
(BOSTON SHORE)
SECTION N-N, PLATE 4-8
(a)CIRCLE ANALYSIS
(I) LOW TIDE (4D 8-l .43
B-2 |. 42 MIN.
B-3 1.46
B-4 150"
B-5 1.5
B-6 1.76
BB-1 1.33 MIN.
BB-2 1.36
(IT) RAPID DRAWDOWN (2) BB-3 1.38
BB-4 1.34
BB-5 137
(bWEDGE ANALYSIS
(1) LOW TIDE (i - 1.29
(2) RAPID DRAWDOWN (2) - 110
(2)BASIN SIDE SLOPE c-1 1.52MiN.
(BOSTON SHORE) c-2 1.52
( )ig%Tﬁgzp-P'PL”E 4-18 3 52
& c-4 1.53
(I)CIRCLE ANALYSIS %) s i
c-6 216
CCl | L34MIN.
(bJRAPID DRAWDOWN gz 138
(1) CIRCLE ANALYSIS @ cc-3 139
cc-4 1.36
cc-5 1,35
cc-6 1.50
(3)SLOPE_AF TER DREDGING D-1 154
(CHARLESTOWN SHORE) D-2 1.57
SECTION R-R,PLATE 4-16 W p-3 58
{o)LOW TIDE D-4 177
(1 CIRCLE ANALYSIS D-5 142 MIN.
b-8 1.57
b. EMBANKMENT Al 133 MIN.
{1) BOSTON EMBANKMENT A2 136
SECTION M-M,PLATE 4-I7 A3 135
(o)LOW TIDE ¥ aa 134
(I)CIRCLE ANALYSIS (n A-5 139
' A-6 1.37
(b)RAPID DRAWDOWN AA-1 129
(1)CIRCLE ANALYSIS @ AA-2 1.20
AA-3 1.24
AA-4 115 MIN.
AA-5 1.25
¢.EXISTING SLOPE EA .46
gareBe e s |
ION M- -| =
(G)EgﬁTTOIDEM M,PLATE 4-i7 A 125 MIN.
(T) CIRCLE ANALYSIS 0 EA-5. 130
EA-G 1.27
(BIRAPID DRAWDOWN EAA-] 1:36
(I) CIRCLE ANALYSIS (2) EAA-2 131
EAA-3 115
EAA-4 1.10 MIN.
EAA-5 iz
(1) SUBMERGED (BUOYANT) WEIGHTS USED BELOW WATER ELEVATION.
(2) SATURATED WEIGHTS USED FOR DRIVING FORCES AND SUBMERGED (BUOYANT)
WEIGHTS USED FOR RESISTING FORCES.

*7\ SILTY SAND
TiLL @

EXISTING SLOPE -RAPID DRAWDOWN ANALYSIS FROM HIGH TIDE - SECTION M-M

(BOSTON SHORE — BAYSIDE)

SCALE IN FEET R
o] 20 50 100

S ™ e ro———

WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

SUMMARY OF STABILITY ANALYSES

DEPARTMENT OF THE ARMY "
NEW ENGLAND DIVISION

CORPS OF ENGINEERS WALTHAM, MASS.
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e

B-t

/\ '
/%:Q{ﬂ 8-4
,A{u \

DESIGN HIGH WATER EL. 113.00
L S L N Lo
CIRCLE B-3 CIRCLE B-4 DESIGN LOW WATER EL.100.00
EXISTING CIRCLE B-2 (CRITICAL) /
AL® CIRCLE B-{ 5
ORGANIC
S\LT

}—(8) SILTY SAND

TILL
S\ ASSUMED BEDROCK SURFACE
TEMPORARY BYPASS CHANNEL SLOPE AT LOW TIDE-SECTION N-N
{(BOSTON SHORE)
/TBB-S
BB-4
ABE-!
/o\as~z/6\ae-3
DESIGN RIGH WATER EL.113.00
—EL.13.00 /

-CIRCLE BB-5 DESIGN LOW WATER EL.100.
EXISTING el V4 *°
@ sano il
FILL .
CIRCLE BB-2

°RGAN*C CIRCLE BB-3
SILT
cmcr_a BB

Y@ sty SAND

@i

\_ \ZA
ASSUMED BEDROCK SURFACE

TEMPORARY BYPASS CHANNEL SLOPE RAPID DRAWDOWN ANALYSIS-SECTION N-N
(BOSTON SHORE)

DESIGN HIGH WATER EL. 113.00
CIRCLE C-1 (CRITICAL)
oz THBOLE oL (

=1

EXISTING

X

/DES\GN LOW WATER EL. 100.00
AVA

CIRCLEC-2

(@) oRGANIC sir—< \
SILTY 5AND—<

@ TlLL—/’

TEMPORARY EXCAVATION SLOPE AT LOW TIDE ~SECTION P-P
( BOSTON SHORE-BASIN SIDE )

s
EesxEe1Xte2
Tea
_EL.413.00 GIRCLE GC-1 (CRITICAL) gDES‘GN HIGH WATER EL. 113.00
S v S
EXISTING ((OIRGLE CC-4 DESIGN LOW WATER EL. 100.00
SAND / o
FiLL IRCLE SC-6 =
ORGANIC
SILT

CIRCLE CC-5-

SILTY SAND

CIRCLE CG-3
@ T —//

TEMPORARY EXCAVATION SLOPE RAPID DRAWDOWN ANALYSIS -SECTION pP-pP
{ BOSTON SHORE - BASIN SIDE )

CIRCLE cC-2

NOTES:

b ARy OF Sy ABILITY AMALYSES 1S SHOWN WATER RESOURCES DEVELOPMENT PROJECT

2. DESIGN 50IL PROPERTIES ARE SHOWN ON PLATE 4-17

3. LOCATIONS OF SECTIONS N-NAND P-P ARE SHOWN : CHARLES R‘VER LOCKS AND DAM
ON PLATE 4-15 CHARLES RIVER BASIN

MASSACHUSETTS

SUMMARY OF STABILITY ANALYSES

SCALE FOR SECTIONS ONLY

20 40 60 DEPARTMENT OF THE ARMY
™ ]

NEW ENGLAND DIVISION
CORPS OF ENGINEERS

WALTHAM, MASS.

PLATE 4-i8




FORGES

DES I GN VALUES
UNIT WEIGHT IN POUNDS|  SHEAR STRENGTH
SOIL NO. | MATERIAL PER CUBIC £OOT
MOIST | susMereED| P DEGREes| Cin tsf
® GRAVEL FILL 1338 71 35 -
EXISTING : —
® SAND FILL 1o 4T1.6 33
@ ORGANIC SILT 25 32.6 - o.15
® ORGANIC SILT 25 2.6 - 0.30
@ ORGANIC SILT 95 32.6 - 0.40
©@ ORGANIC SILT o5 32.6 - 0.50
@ TiLL 140 76 38 0.5
SILTY SAND 1o 470 33 —
COMPACTED
GRT‘\ﬁ:L FiLLo
= ;
N .
XIS TING VU CIRCLE A-1
SAND
e

ORGANIC
iy

sce | g [ISEEN Nene-
(KIPD) (K1PS)
1 31.9 24.0 18.5
a 547 32.6 43.0
59.3 24.0 B55.0
4 3.2 .o 52.0
5 417 0.0 417
© 22.7 -4.0 220
T 4. -5.0 13.0
8 23 -5 2.0
TOTAL 3. -
"BAY SIDE

SILTY SAND (B)

TiLL

SECTION M-M

BOSTON EMBANKMENT - CRITICAL CIRCLE - LOW TIDE ANALYSIS

RESISTING FORCE
=N TANG

= gN TAN ¢ +2CL

(185 +43.0 +2.0) TAN 33°
©3.5 X 0.65 =413%
2% 1.00 + 306X 0.80 +%2 X 0.60 +15x0.30

ZCL
= 2.0 +28.8 +31.2 +45 = 6.5 K
TOTAL RESISTING FORCE = €7
DRIVING FORCE = SUMQAP\T(ON TANGENTIAL FORCES
= 8l.1
- RESISTING FORCE _ 107.8 _ ~J
FACTOR OF SAFETY = DRIVING FORCGE Y 1.33
NOTES:
a7
SPACE SCALE
20 [¢] 20 40FT.
[ - 7
et
20 0 20 40 KIPS

¥ MOlST
W .
Z = VERTICAL DISTANCE
¥ = UNIT WEIGHT OF SOIL
r
¥ SUBMERGED

ASSUMED FAILURE ARC

T~

TYPICAL VECTOR DIAGRAM

1., SEE PLATE 4-15 FOR SECTION LOCATION AND ADDITIONAL
EMBANKMENT INFORMATION.

2, SUMMARY OF STABILITY ANALYSES IS SHOWN ON PLATE

FORCE SCALE

WATER RESOURCES DEVELOPMENT PROJVECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN

TYPICAL STABILITY ANALYSIS
CRITICAL CIRCLE ANALYSIS
DEPARTMENT OF THE ARMY'
NEW ENGLAND DIVISION
CORPS OF ENGINEERS

PLATE 4 -19

MASSACHUSETTS

WALTHAM, MASS.




CCB-EA=AE

+201

+10

t3)

125

TRIAL FACTOR OF SAFETY, FS

Waz= 34,35

Wit =27.9K

ACTIVE FORCE

FS=1.0

e

Ea
—
¥
|
o W N
[ sl Fep u
0w n °
) '8 v
2
Cep
—_—

RESISTING FORCE - NEUTRAL BLOCK

FS | Fa Faz | Cea | Caz Ea | A
10 | 32.2% | 388% | 51.6% | 104" | 3404 IT.GX
13 | 344 | 388%| 397 | 78K ]| 400¥| -O.3¥
15 | 35.9 | 388% | 34.4%| 67" | 4504 ~0.1K
R ENGTH
SOIL NO. | MATERIAL YP‘:’fET rm;c:}mm 9 S:E* mcm
® EXISTING SAND FiLt] 110 416 33° —
® ORGANIC SILT 95 32.6 o |600 psf
[©) TILL

\{"EXISTING GROUND SURFACE

244

/ g
22 4 /
20 /
N /
x 181 /
£ /
w
<
L2
" /
o [‘G-
4
o
=4
Q
2
2 144 /
Pee
& AN
E
i \°/F= 129
12
NOTE:
FACTOR OF SAFETY FOR WEDGE CMN=172
Q Q
9| 8| sz g
@l OF
< g w
wl ‘{-1" I a -
8| g g g EXISTING GROUND SURFACE
o| 2|6
E I =
AR C —~ DESIGN HIGH WATER,EL 3.0
D S~ L
EXISTING SAND FILL ~_
~—_ DESIGN LOW WATER EL.100.0
—— V4
~ =
~
~
M N \\
\\\
~
ORGANIC SILT SILTY SAND
A B C D

SILTY SAND

FAILURE 'SURFACE. CCO (CRITICAL)

TEMPORARY BYPASS CHANNEL SLOPE - BOSTON SHORE - SECTION N-N

- ~ - v DESIGN HIGH WATER,ELU3
< l ~ —
gl ?t'l i -
EXISTING . g' — —— . DESIGN LOW WATER, ELI0OO
BAND FIbL ] N
&\ 2 ~
EA BYPASS CHANNEL >~
Q -
>
ORGANIC SILT 7 oY SAND
¥ Ccs /%
SILTY SAND ASSUMED FAILURE PLANE

TILL

(CRITICALY

TEMPORARY BYPASS CHANNEL SLOPE - BOSTON SHORE

(SECTION N-N)

_NOTESs:

. FOR LOCATION OF SECTION N~N AND
ADDITIONAL. INFORMATION SEE PLATE "4-15.

2. SUMMARY OF STABILITY ANALYSES
ARE SHOWN ON PLATE 4~IT.

20 o 20

SPACE SCALE

] 9] )
FORCE SCALE

40 FT.
-

20KIPS

SUMMARY OF WEDGE ANALYSES
LOW TIDE ANALYSES

WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

TYPICAL STABILITY ANALYSIS
(WEDGE METHOD)

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION
CORPS OF ENGINEERS

WALTHAM, MASS.

PLATE 4-20




ELEVATIONS BAGED ON M.D.C. DATUM

ELEVATIONS BASED ON M.D.C. DATUM

120

"o

100

S0

80

20

110

90

r Hreo = 5 120
EXISTING WALL g ;
TO REMAIN
- BASIN EL. 108 G 8
r (5'-0" —EL.t02t 1o CEJ. g 10 +
/ 18"-24" CUT STONE — s
— — 12" CRUSHED STONE 3 Z
SLOPE VARIES a 5
P £L 97 APPROX. EXISTING GROUND 100 g toof-
11 = e < o
RE - o F
T~ — — w
ACTUAL DETAILS OF WALL 5 -300 ib. STONE | F 0w
FOUNDATION UNKNOWN 3 2O MINMUM 490 2 g or
~ ! g E
CHARLESTOWN SHORE EL. 82% & ‘5
w
o~
- BASIN SIDE Jleo 3 sol
SECTION 3-3
~APPROX. EXISTING GROUND 20 ol
NEW PROTECTIVE STEEL s =
- _/snaar PILING 3 2
T T e DESIGN HIGH WATER| X S
—_— [-————= = ELEV.II5 > . -
— R \\ | -] -0 J Do —
EXISTING PIER| ~ | | ] 9 EXISTING PIER|
: s
I ) \\P l | = > - ﬁJ
— i SROTECTION, STAGE T T — | |_Z DESIGN LOW WATER {00 o ook o
Soomg e T TT— | | ELEV.100 o a A
DESIGN EXCAVATION T L u a N
LINE STAGE I —— B 3 @ | o TEET
l | : :
L i EXISTING CONCRETE. ™ —90 2 3 90—
FOUNDATION kot S b
| | ~| & 1
& &
s J
wl
a n___a. 0 A 0 80 v 80—
ON SH Tl I I DESIGN EXCAVATION LINE.
BOSTON SHORE in 0 1
SECTION 8-8, STAGE I
NOTES:

L EXISTING GROUND
/ EL. H4t
o =

18" - 24" CUT STONE

2" CRUSHED STONE

BOSTON SHORE
SIDE

BASIN

SECTION 7-7

FACE. OF NEW CONC.WALL

18-24" CUT STONE

12" CRUSHED STONE
(;(I)Ll\.dl}jACTED GRAVEL  APPROX. EXISTING, GROUND

DESIGN EXCAVATION
LINE, STAGE I

BASIN El 108 j

APPROX. EXISTING GROUND

5 ~-3001b. STONE

EXISTING CONCRETE

— 120

1o

1
I}
(o]
ELEVATIONS BASED ON M.D.C. DATUM

80

—{eo

LEVATIONS BASED ON M.D.C. DATUM

FOUNDATION .
T~
BOSTON SHORE sou
—_— Il 4 nl tn al (——7—*
DESIGN EXCAVATION LINE I I I GRAVEL FILL
L Ll L

SECTION 8-8, STAGE IL

I. Location of Section 3-3 is shown on PLATE 4-16.
2. Locations of Sections 7-7 and 8-8 are shown on PLATE 4-15.

SCALE FOR SECTIONS ONLY
0o 10 20 30

™ g™ ™"

WATER RESOURCES DEVELOPMENT PROJECT

CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS

TYPICAL SECTIONS

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION

CORPS OF ENGINEERS WALTHAM, MASS.

PLATE 4-2i




ELEVATIONS BASED ON M.D.C. DATUM

B VIADUCT
|
|

i " .
120 ; B H1zo
i BASIN SIDE DESIGN HIGH WATER EL. 3 1L
o b COMPACTED GRAVEL FILL 18" -24" CUT STONE I
: T EL. -0
—_— 18" - 24" CUT STONE
12" CRUSHED STONE 3 !
; 10 DESIGN LOW WATER EL. {00
100 EL. 97 £L.97 1 ﬂl—v—nﬁw__* Jioo

5 -~3001ib. STONES 5 300 Lb. stou
- 30 .
}—20‘ MINIMUM DUMPED GRAVEL FILL

20"MINIMUM 490

ELEVATIONS BASED ON M.D.C. DATUM

ELEVATIONS BASED ON M.D.C. DATUM

COMPACT. RA! L
90 APPROX. EXISTING GROUND ) R eoARD Or CorvERbAM )
T T T T T e T T T T T e e » APPROX. EXISTING GROUND I oA
/L DESIGN] EXCAVATION LINE ——, /ieL.80¢ i’_,,__.,,lw"‘
80 - — R R e SR A— o = 80

SECTION 9-9

COMPACTED GRAVEL FILL
@ VIADUCT
"

PLAZA AREA 2
APPROX. EXISTING GROUND .
s Eoe o ol o
< — COMPACTED GRAVEL FILL
DESIGN HIGH WATER EL. i3 5 .
18"-24" CUT STONE Z \Vi K 18"-24" CUT STONE
COMPACTED 12" CRUSHED STONE e—— o 12" CRUSHED STONE ‘o
1o GRAVEL : oy o —DUMPED GRAVEL FILL 7]
EL.105 3 E VIADUCT ABUTMENT WALL VIADUCT ABUTMENT WALL =
-l DESIGN LOW WATER EL.100 Z 1 ot
100 - ‘/—APPROX, EXISTING GROUND EL. 97 —L o [ 100}~ j\ 5 -300 Lb. STONE —{100]
1w
P MPED 5 - 300 Ib. STONE % . 4
e e e ouwpED = 20 MINIMUM 2 APPROX. EXISTING GROUND
GRAVEL FILL - =
WL 7 i nom—) S SECTION 13-13 %
EL. 85 g !
EXCAVATION TO BOTTOM < ;
/ OF ORGANIC SILT 3
+
el EL.80* oo ™ BOL lao
SECTION 10-10
NOTES :
. LOCATIONS OF SECTIONS 9~9 AND 13-13 ARE SHOWN ON PLATE 4-15
2. LOCATION OF SECTION 10-10 1S SHOWN ON PLATE 4-16 WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER LOCKS AND DAM
CHARLES RIVER BASIN MASSACHUSETTS
SCALE FOR SECTIONS ONLY EMBANKMENT
] 10 20 30
P ™ TYPICAL SECTIONS
; GRAPHIC_ SCALES
a2 20' 0 20' 40' DEPARTMENT OF THE ARMY.
NEW ENGLAND DIVISION
CORPS OF ENGINEERS WALTHAM, MASS.

PLATE 4-22




of Cellular
;| Cofferdom

ST
=z mrT

E‘l
=

i
1
K

ARGE LOCK ]

1
i
IS

% \.“

\ prorecTivE

N\ SHEETING
\

W\

Exist Ferder System
fo be left in place
during Stage I

T

~ R
7on ST Gt
cﬁ.q,y,t,& DURING STN

Portion of existing
fender systems o be
leftin place during
Stage T

_ PARKING

chematic Lo;}bd
1 0F Cellular CoFferdam \

7

. \ “~Boston Margival
40~ Conduit Extension

’93,% 4

79,000 ¢

STAGE 1 PLAN

_STAGE I CONSTRUCTION :

I Demolish Existing Facilities.

2. Dredga River Botfom Molerials

3 Excavale Temporary By-Fass Navigation Channel and Place
Stona Frofection.

4 Install Stege 7 Cofferdam and Frofective Sheeting as Reguired

5. Dewater Cofferdam Area. e

6. Construct Pumping Station, Fish Ladder, Large Lock, Concrete
Halls, and Portions of Earth Sections, Utility Sysiems, Stone
Frotection and Fender Systems within Stage I Cofferdam.

7 Install Mejor Equipment and Auxiliaries in Pumping Slation.

8. Construct” Portions of Vieduct

9. Complete Stone Protection Up § Downstream of Cofferdam.

10. Tes?t P ng Stalron Eguly 7.

ll. Remowe Stage I Cofferdam, as reguired.

12, Complete Eartt Secfions aif Charlesfown Side.

13 Test and Place info Operation the. Pumping Station and Large
Lock, Prior fo Stage X Construyction.

STAGE I PLA

STAGE IL CONSTRUCTION :

L Excovote and Remove Fortion of Temporery Stone Frotection.
&. Imstall Stage I Cofferdam ¢ Dewater.
3. Comstruct Srmall Locks, and Portions of Maraina! Condui?, Farth Sections,

Utility Systems, Stone Frotection and Fend: Sys* it
% Bormovl i Jore [rotectt. ender Systems within Stage I Cofferdam.

& Complete Earth Sectiors at Boston Side.

&, Complete Stome Protection.

7 Commplete Viaduct.

8 Complete Fender Systems ond Other Maorine Work.
9. Test and Ploce into Operotion rhe Small Locks.

0. Complete Londscaping, Roadwoy amd Parking Areas,
1 Fimal Site Clean-Up.

NOTES.

I Qutline of Stages of Construction operations merely indicate major

work tobe accomplished and not riecessarily in exact seguence of operation,

Itis presented solely for definition of Stage I and Stage I work to be completed,
2.Confours and Elevotivns shown are those existing at the tirme of Field Survey.
5. Loyout of Cofferdams /s preliminary and subyect fo change.

. SCALE IN FEET
Final layou? will be included in Design Memorandum No. 8 ,"Cofferdams.

100 o L

N

200 ¢

300

REVISION DATE

DESCRIPTION BY

CHARLES A. MAGUIRE
AND ASSOCIATES INC.
WALTHAM, MASSACHUSETTS

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM MASSACHUSETTS

DES. BY | DR.BY | CK.8Y

APPROVAL RECOMMENDED:

SUBMITTED:

ARCHITECT -  ENGINEER

WATER RESOURCES DEVELOPMENT PROJECT
CHARLES RIVER LOCKS AND DAM

STAGES OF CONSTRUCTION

REVIEWED:

—————roseerenamees || CHARLES RIVER BASIN MASSACHUSETTS

FAPPROVAL RECOMMENDED: || APPROVED DATE

CHIEF PROJECT. BRANCH CHIEF ENGINEERING DIVISION -
SCALE SPEC. NO.

DRAWING NUMBER

SHEET

PLATE 4-23




APPENDIX A

SUMMARY OF LABORATORY

SOIL TEST RESULTS




APPENDIX A

SUMMARY OF LABORATORY SOIL TESTS RESULTS

PLATE TITLE

A-1 Soil Tests Results, FD-1, FD-2
A-2 Soil Tests Results, FD-3

A-3 Soil Tests Results, FD-6

A-4 Soil Tests Results, FD-7, FD-8
A-5 Soil Tests Results, FD-9, FD-10
A-6 Soil Tests Results, FD-11, FD-12
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APPENDIX B

LABORATORY TEST DATA

FOR EXPLORATION FD-1A




APPENDIX B

LABORATORY TEST DATA FOR EXPLORATION FD-1A
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B-1 Undisturbed Sample Log, UC-1

B-2 Gradation Curves, UC-1

B-3 Triaxial Compression (Q) Test Report, UC-1
B-4 Triaxial Compression (R) Test Report, UC-1
B-5 Triaxial Compression (R) Test Report, UC-1
B-6 Undisturbed Sample Log, UC-3

B-7 Gradation Curves, UC-3

B-8 Triaxial Compression (Q) Test Report, UC-3
B-9 Triaxial Compression (R) Test Report, UC-3

B-10 Triaxial Compression (R) Test Report, UC-3
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UC — Unconfined Compression
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Coefficient of Permeability, Ky, 10" cm/sec
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